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ELIMINATING REMEDIAL MATHEMATICS: 
A CASE STUDY OF THE DESIGN AND IMPLEMENTATION OF A MODULAR 
MATHEMATICS CURRICULUM 
Salvatore Maimone 
This single case study investigated the implementation of a modularized 
mathematics course designed to eliminate the usage of remedial mathematics 
courses from post-secondary mathematics curricula. The literature review revealed 
that introductory college level mathematics success and student retention rates in 
post-secondary schools was chronically problematic due in large part to the number 
of students unable to advance past remedial courses.   According to the findings of 
this study, the modularized curriculum provided the necessary remediation tools 
embedded within course essential to student learning and development without the 
psychosocial pitfalls and financial burdens that follow remedial mathematics 
courses.  The conclusion drawn from the findings is that enrolling post-secondary 
students in a modularized introductory college level mathematics course with 
embedded remedial support can be effective in increasing student confidence in 
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Need for the Study 
Educators are unable to agree upon the percentage of students requiring 
mathematics remediation; however, in a special report done by the National Center 
for Public Policy and Higher Education and Southern Regional Education Board, 
over 60% of incoming freshman require remedial mathematics instruction 
(Attewell, Lavin, Domina, & Levey, 2006; NCPPHE & SREB, 2010).   It has become 
increasingly clear that a large number of graduating seniors are not prepared for an 
introductory college mathematics course.  While the education reforms like the 
Common Core attempt to provide a remedy at the elementary and secondary level, 
the problem still remains of what to do with the large number of students seeking a 
college degree that are not ready to face the challenges to complete their degree 
program, specifically with regards to mathematics.  Schools administer placement 
tests in order to filter out those that are ready for a college mathematics course and 
those that require remediation.  Should a student fall into the category of remedial, 
then he or she must successfully complete a remedial mathematics course prior to 
enrolling in an introductory college level mathematics course.  
According to the Community College Research Center at Teachers College, 
Columbia University, the students able to complete remedial courses do not benefit 
from them, while many never even complete the courses at all (Bailey, Jeong, & Cho, 





there to be “little indication that students benefit from remediation.”  In fact there 
was some “evidence that remediation might worsen the outcomes of some students” 
(Martorell, 2010, p. 2).  In North Carolina, a study of 1,892 students requiring 
remediation discovered only 12% (approx. 227 students) successfully remediated 
and attempted a college level mathematics course (Lawrence, 2011).  According to a 
more longitudinal study, only 28% of community college students who require any 
type of remediation go on to earn a degree within eight years, with many of 
remedial education students dropping out before completing remediation (Attewell, 
Lavin, Domina, & Levey, 2006; Fields & Parsad, 2012).  This evidence suggests 
remediation did little to improve student outcomes.  It further demonstrates that 
remedial mathematics courses can have a negative effect on attempted academic 
credit hours and do little to increase the likelihood of completing college-level 
courses, transferring to a four-year college or completing a degree (Boatman, 2011; 
Carnegie Foundation, 2013; Karruz, 2010; Martorell, 2010; Wesley, 2008).  In 
Florida, a study suggested that even if students failed to remediate the first time 
they would benefit from exposure to the material.  However, it discovered that for 
each of the remedial mathematics credits failed the probability of success in the first 
college level course decreased by 1.7% (Karruz, 2010). 
Remedial mathematics has become a burden on students since there is such a 
need to pass; these courses cause delays and, for some students, prevent them from 
graduating (Attewell, Lavin, Domina, & Levey, 2006; Bailey, 2009; Deil-Amen, 2002; 
Hanover, 2013; Howard, 2008). Community colleges’ open-door policies provide 





overcoming a wall of remedial courses.   In fact a large majority of community 
college students, who comprise the majority of the students enrolled in remedial 
mathematics courses, do not successfully complete remediation and leave college 
for good (Carnegie Foundation, 2013; Deil-Amen, 2002; Zavarella, 2008; Lawrence).    
The annual cost to remediate students in mathematics, reading and writing is 
approximately $7 billion (Scott-Clayton, Crosta, & Belfield, 2012).   Remedial 
courses typically cost the same to the students as regular required courses, but do 
not fulfill degree requirements (Hanover, 2013; Jenkins, 2010; Karruz, 2010; Olson, 
2006).   Remediation inevitably forces a student to spend more time in college and 
therefore spend more money (Bettinger, 2005; Hanover, 2013; Olson, 2006).  
One common thread amongst remedial mathematics students is the stigma of 
being labeled remedial.  Students in developmental mathematics feel inadequate 
and carry low self-esteem (Bradley, 2011; Deil-Amen, 2002; Hanover, 2013; 
Lawrence, 2011).  It is conceivable that students beginning with college-level credit 
mathematics may have improved self-esteem and a perhaps a positive attitude 
about mathematics. 
Some experts suggest that more than half of remedial students would be 
better off being placed in a required class with embedded tutoring and/or more 
frequent class meetings (Boatman, 2012; Bradley, 2011; CCA, 2011; Jenkins, 2012).  
Rather than continue futile attempts to overhaul remedial mathematics courses, 
instead, embedding support into the required introductory course might be the next 
step towards student success.  Many developmental students are capable of 





The idea around this thought is that students who require remediation fail to move 
on because of obstacles associated within remedial education and not because of 
challenges associated with college-level work (Bailey, 2013; Hanover, 2013; 
Martorell, 2010; Scott-Clayton, 2012; Strauss, 2014).  A few of these obstacles 
include additional cost and time for non-credit bearing courses along with several 
negative psychological factors such as stigma, low expectations and motivation. 
(Bradley, 2011; Hanover, 2013; Tucker, 2013).   
The genesis of modularized curriculum included a breaking of course content 
into what are called modules (Allen, 1967; Creager, 1971).  Goldschmid (1973) 
defines a module as “a self-contained, independent unit of a planned series of 
learning activities”.  Since modules were intended for self-study and engineered to 
promote student self-paced learning the breadth of content was limited.   Studies 
showed that modularized curriculum influenced a student’s choice of topic and 
learning mode, and strengthened institutional flexibility and awareness (Van Eijl, 
1986).   Since modules include numerous opportunities for assessment, students 
can identify strengths and weaknesses relatively quickly; and navigate back to 
previous content areas, repeating them as needed (Klingstedt, 1971). Research 
indicates that a student-directed mastery approach has positive impacts on learning 
and student attitudes (Kulik, Kulik, & Bangert-Drowns, 1990).  Because of their 
impact on a student's learning, self-efficacy and feelings about mathematics are 
important factors to take into account.  Research has shown that a student’s 
attitudes are a major influence on a student’s learning in courses within 





relationship between a student’s fundamental worth and their final grades in a 
modularized mathematics course.  Similar studies showed a positive correlation 
between student success and drive in modularized courses (Bandura, 1993; 
Gottfried, 2005; Kesici & Erdogan, 2010).  The goals of modularization include an 
adaptive learning experience for students that allows them to address their 
identified weaknesses to focus on in order to support their academic goals (Twigg, 
1999).   Additionally, the advantage of modularized curricula, specifically with 
regards to mathematics,  are the augmented opportunities to repeat content as 
needed to enhance student learning and objective mastery (Wong, 2013). 
 
Purpose of the Study 
 The purpose of this study is to identify the effects of enrolling every incoming 
freshman requiring remediation in a modular introductory college-level course that 
includes embedded support in the form of extra class time to work with the 














 The following are the specific questions this study looks to answer: 
1. Is there a significant difference between student confidence at the beginning 
of the modular course and student confidence at the end? 
2. What do the interviews reveal about student confidence while progressing 




Replacing the traditional introductory mathematics course (MATH 105) and 
its prerequisite remedial mathematics course (MATH 100), is a modular 
introductory course listed as Math105M Modular Intermediate Algebra.   
The details of the course are as follows: 
● Students assessed on six modules spanning the same content as the 
traditional course and remedial courses.   The first module includes all 
course content from the remedial course (MATH 100) and the remaining 
five comprises all the course content from the traditional course (MATH 
105).  (See Figure 1.) 









Figure 1 Traditional vs. Modular Contents 
 
● Instruction remains the same as the traditional course (twice a week 75 
min lectures) but a 75 min laboratory is now included in the course. 
● The modules are self-paced.  Students are required to show mastery (varies 
for each module) on a number of objectives prior to taking the test. 
● Assessments are taken online either at home or in the laboratory.  The 
details for the assessments appear in Figure 2. 







Figure 2 Traditional vs. Modular Assessments 
 
Due to the limited number of surveys licensed for administration, thirty 
students enrolled in Math 105M, participated in this study.  Using student id 
numbers, student subjects were selected at random until thirty agreed to participate 
in the study.  For the purpose of conducting interviews, six of the 30 students were 
selected using the expected completion date of Module 1 in the following manner: 
two students that had not yet attempted Module 1 Post-Test, two students who have 
unsuccessfully attempted Module 1 Post-Test, and two students who successfully 







In order to answer research question 1 the subjects in MATH 105M at the 
start of semester complete a self-efficacy survey developed by MindGarden scoring 
three categories; Mathematics Task Self-Efficacy, Math-Related School Subjects Self-
Efficacy, and Total Mathematics Self Efficacy (Appendix A).  The survey was 
administered online hosted by Mindgarden.  Following completion of the final exam 
the subjects were administered the same exact survey.   Paired t-tests were 
conducted to compare the before and after course responses in all three scoring 
categories.   The null hypothesis being 𝜇𝜇𝑑𝑑 = 0 no difference between the average 
scores before and after the course with the alternative hypothesis of 𝜇𝜇𝑑𝑑 < 0the 
average scores before the course are less than the average scores after completing 
the course.  
In order to answer question 2, six students are asked to answer the free 
response open-ended questions following a specific protocols (Appendix B - D) 
during three different meetings over the course of the semester.  These meetings 
were audio recorded.  The questions were used to observe changes (if any) in the 
student opinions and beliefs about mathematics, specifically as it pertains to the 
modular course.  There is a predetermined through line connecting each question 
from Initial Interview through Final Interview.  Student responses were used in 










Although the literature on mathematics remediation covers a wide variety of 
theories and practices, this review focuses on four major themes:  remedial 
mathematics reform, the influence of psychological dimensions, failure of early 
remediation plans and proposed current solutions.  Although the literature presents 
these themes in a wide variety of contexts this paper focuses primarily on their 
relevance to research involving a modularized mathematics curriculum that 
eliminates remedial level courses.   
 A commonly accepted definition of remedial work or remediation is a careful 
effort to reteach successfully content poorly taught or not well learned during the 
initial teaching (Glennon & Wilson, 1972).  Remediation is the most common 
approach used by colleges to assist students who possess weak academic skills 
(Martorell, 2010).   The majority of first year college students begin with non-
college credit mathematics courses, in order to ready them for college level courses 












The Evolution of Remedial Mathematics Reform 
Knowing what has happened in our history in terms of mathematics reform 
is important in seeing where we should go in order to not repeat the mistakes of the 
past (Jones, 1970).  Since very little is known about the effectiveness of remedial 
education on student performance in future courses, we must continue to build on 
the contributions of past studies (Bettinger & Long, 2005).  This section will show 
the evolution of remedial mathematics reform through different time periods: Early 
20th century (1900-1950s); Late 20th century (1960s-1990s); Early 21st century 
(200 -present). 
 
Early 20th Century 
The genesis of remedial mathematics dates back to the early 20th century, 
when most U.S. college institutions had changed to an all-elective curriculum. The 
elective system led to a significant increase in enrollments but the beginning of a 
dramatic decline in the study of mathematics.  Were it not for the need of engineers, 
college level mathematics might have disappeared completely in the US (Ciampa, 
1969; Stockwell, 1975; Tucker, 2015).  The decline of mathematics instruction 
trickled down to the high schools due the rise in educational specialists, most 
notably John Dewey, who argued that primary and secondary educational schools 
are charged with the duty to nurture a student’s social development and increase 
personal fulfillment.  While schools in Europe required calculus, in college 





followed the path set by post-secondary schools by making mathematics an elective 
subject, consequently leading to a substantial increase in remedial mathematics 
courses in arithmetic and beginning algebra (Ciampa, 1969; Tucker, 2015).   Since 
most students did not have a mathematics requirement in their degree programs, 
only those students who required mathematics coursework for their major needed 
to take remedial courses.  In addition, the implementation of mandatory schooling 
through the 12th grade began, leading to an increase of more than 150% in college 
graduates from 1910 – 1930 (Ciampa, 1969; Tucker, 2013).  Colleges, anxious about 
enrollments, lowered their standards to accommodate many applicants.  This led to 
an increase in precollege mathematics enrollments and along with it a realization 
that many students did not need algebra, geometry, and trigonometry, but instead 
courses that used mathematics for more practical purposes (Schaaf, 1937).  
Students interested in teaching pursued the typical mathematics major and so it 
became a predominately sensible major for a career in mathematics education.  
Despite the majority of students choosing mathematics programs for practical 
purposes, small pockets of college students, overwhelmingly fascinated by 
mathematics, went on to become world leaders in the field by the 1950s (Ciampa, 
1969; Tucker, 2013).  The increased interest in mathematics marked a significant 
moment in mathematics education, because during this specific time frame 
enrollments in remedial mathematics decreased while enrollments in calculus grew.   
This successful progress can, largely, be credited to the work done by the CUPM 
(Committee on Undergraduate Program in Mathematics), formed by the 





establishing a common first-year mathematics syllabus that coincided with the 
introductory courses in the other sciences.  In addition to the course, the committee 
also prepared a textbook to be used in the first and second semester of the course, 
an unprecedented action; no organization had ever before dared to tell members 
what courses to teach, much less a major change to how the discipline instruction 
should begin.  As an unintended consequence, mathematics departments added the 
requirement of a full-year course in calculus for freshmen in the engineering and 
science programs out of fear of losing calculus enrollment (Ciampa, 1969; Meserve, 
1966; Tucker, 2015).  
  
Late 20th Century 
In 1965 The Elementary and Secondary Education Act allowed for billions of 
tax dollars to fund educational reforms at the secondary level.  These funds covered 
the costs of educator professional development and instructional materials (Reese, 
2005, Birman & Ginsburg 1982).  The act underwent basic reauthorizations every 
three years until significant changes were made in the 1980’s with the passing of the 
Education Consolidation and Improvement Act in 1981 and the Hawkins-Stafford 
Elementary and Secondary School Improvement Act in 1988.  At this time 
mathematics requirements were made more rigorous for high schools; however, the 
percentage of underprepared students entering college remained unchanged and in 
many cases continued to increase (Duncan, 2000).  According to Arthur Cohen, 
author of The Shaping of American Higher Education, in 1994 more than half of all 





Therefore, the Improving America’s Schools Act in 1994 addressed the notable 
pitfalls to alterations made in the previous decade.  According to the National 
Council of Teachers of Mathematics, in 1994, all states were compelled to implement 
more challenging essential mathematics standards (NCTM, 2000).  The government 
insisted that schools increase the number of required mathematics units needed for 
a high school diploma.  However, the increase in units of high school mathematics 
programs did not guarantee that students learned the content because many high 
schools were adverse to failing students (Duncan, 2000).   
The ineffectiveness of secondary mathematics education reform has revealed 
troublesome doubts about the level of preparation students receive in order to be 
successful in higher education.  The majority of public high schools in America are 
probably to blame for students’ lack of preparedness (CCCSE, 2016).  A study led by 
the members of the Maryland Higher Education Commission found that of the 
students who fulfilled requirements of high school college-preparatory courses and 
upon graduation immediately enrolled in a community college, 40% required 
remediation prior to enrolling in a college level course (Phipps, 1998).  In fact, in 
one case, only a fourth of the students completing the college-preparatory courses 
were ready for college level mathematics without remediation.  According to 
O’Banion (1997), the deficient mathematical skills of students entering college is not 
completely the fault of inadequate high school curriculum and instruction.  All 
students do not learn at the same rate or within the same amount of time.  Some 
students are even poor test takers, due either to low level study skills or to high 





elementary school students have shown a significant deficiency with respect to 
mathematical literacy (Erwin & Marutto, 1998).  So, college programs anticipated 
that students requiring remediation could successfully navigate through the 
improved remedial courses and upon completion would have the same 
opportunities to succeed as students not requiring remediation (Wepner, 1987; 
Beckman, 1969).   
 
Early 21st Century 
Unfortunately, little evidence exists to suggest that during the late 20th 
century mathematics remediation at the college level actually succeeded in being 
effective.  The uncertainty of its effectiveness is primarily due to limitations 
surrounding the assessing of the impact of remediation.   Students who received 
remediation would likely have poorer outcomes than students without it (Martorell, 
2010).   In fact, most research about the effectiveness of remedial education 
programs has typically been irregular and inadequate largely due to being poorly 
funded and mismanaged (Karruz, 2010; Scott-Clayton, 2012; Wesley, 2008).  A large 
number of research studies did manage to expose in specific details the failures in 
the implementation of developmental education programs (Merisotis & Phipps, 
2000).  We can better comprehend the consequences of these failures by 
considering that approximately 66% of community college students beginning their 
coursework with the remedial mathematics sequence fail to complete it (Achieving 
the Dream, 2008, 2009; Bailey, 2009; Bailey et al., 2010; Bettinger & Long, 2009; 





In 2003, the program known as PISA (Programme International Student 
Assessment) found that 15-year-olds in the United States performed in the bottom 
half of the world in terms of mathematical literacy (Lemke & Gonzales, 2006).  PISA 
is charged with the mission of assessing 15-year-old youths in their ability to apply 
mathematical skills to real-life contexts.  Their results indicated that American 
students were no better than average when it comes to mathematics, and led to 
more rigorous college acceptance policies, where only the best and brightest 
students were being pursued (Newman et al., 2004).  This of course did nothing to 
improve pre-collegiate mathematics skills particularly for college-level mathematics 
and science courses; in 2005 it was found that a fourth of entering college students 
were enrolled in remedial mathematics courses (Chen & Carroll, 2005).  It is worth 
noting that although 25% seems small it is merely a 2% decrease from the number 
of  high school graduates who enrolled in postsecondary education between the 
years 1992 and 2000 (Duncan, 2000).  The No Child Left Behind Act in 2001 and 
Every Student Succeeds Act in 2015 were the most recent and last two major 
alterations to the original act (US Department of Education, 2016).  Even with 
significant funding and support dedicated towards improving secondary education, 
many students seeking college degrees still needed mathematics remediation at the 
post-secondary level.   
Two key factors appear to underlie the disappointing results of mathematics 
reform and the deficiency in preparation of high school students: disproportionate 
directives with limited time dedicated to test preparation, and the lack of funding 





teachers (Darling-Hammond, 2004; Haycock, 2001).  These outcomes led many to 
consider that levels of student preparation had in fact declined prior to the reforms 
(Altbach et al., 2005; Boylan, 2001; Cohen, 1998).   The value of mathematical 
content knowledge has become apparent for both higher education curriculum and 
career goals (Stage & Kloosterman, 1995) but many students who intend to acquire 
a post-secondary degree discover that they lack the necessary skills and therefore 
are not ready to enroll, let alone succeed, in college-level courses (Kilian, 2009; 
Duncan, 2000).  Thus, students who finish high school with achievement levels 
beneath the requirements for acceptance into the majority of four-year colleges and 
universities turned to community colleges in their pursuit of a postsecondary 
degree.  Additionally, many of these students enrolled in courses at community 
colleges simply to acquire the required skills to be eligible for enrollment in higher 
degree programs beyond the associate degree (Altbach, Gumport, & Johnstone, 
2001).   
Community colleges in the United States continue to see an increase in the 
number of students requiring remediation, especially in mathematical skills for 
introductory college level courses.  In 2017, data collected from 911 two-and four-
year colleges showed that almost every school was still enrolling students in need of 
remediation.  Over 200 of those schools were placing at least half of their incoming 
students into one or more remedial courses (Calcagno & Long, 2009; Hechinger 
Report, 2017).   
The deficiency in preparation has altered the missions of most community 





developed and more competent community (McCabe, 2003).  So the task of 
educating the most deficient students, those who would otherwise be lost to our 
society (Attewell, Domina, & Levey, 2006) is left to educators at community colleges.  
These students have access to a higher education necessary for employment 
opportunities or solely a degree beyond a high school diploma.  The necessity for 
advancement in education and society leaves many of these students with only one 
option: to rely on community colleges to prepare them for employment and 
personal advancement.  With these students seeking an affordable education and 
needing to prepare for higher studies, community colleges saw an increase in 
enrollment until 2002 (McCabe, 2003).  The community college introductory 
mathematics curriculum, however, typically does not vary from the requirements at 
the typical four year institutions, so the increase in enrollment exposed the problem 
of underprepared high school graduates (Calcagno & Long, 2009).  Those 
institutions must deal not only with the overflow of students but also with 
developing a strategy to effectively educate them.  Although this problem should be 
credited to the primary and secondary educational systems, it has ultimately fallen 
to the community colleges to fix.  Community colleges’ primary response has been 
the development of remedial mathematics programs intended to provide an easy 
transition from high school to freshman year of college (Achieve, 2004).  The data 
suggest that this goal is not being met.  Correcting the failure to meet this goal is the 
primary concern, as potential success relies on frequent assessments of the 
developmental programs, hopefully leading to a rise in success rates; if not, 





2005; Bradley, 2011; Jacobs, 2012).  Since 2002 student enrollment at community 
colleges has been on a steady decline.  This is due in part to the system failure as a 
whole to develop the remedial students into successful college graduates.  With the 
cost of education increasing and the lack of success attributed to community 
colleges, more high school graduates are electing to enter the job market without 
earning a degree in higher education (Gerlaugh, Thompson, Boylan, & Davis, 2007; 
EAB, 2016).    A 2008 study found little evidence of benefits from remediation.  
Calcagno and Long studied the effect of remediation on the outcomes for 
approximately 10,000 Florida college students.  Using the accepted definition of 
remedial education as coursework below college-level at a post-secondary 
institution, their results suggest that while remediation might help students persist 
early in college it does not help students needing remediation progress toward a 
degree (Calcagno & Long, 2008).  According to the U.S. Department of Education 
study, three developmental mathematics courses, Algebra I, Algebra II and 
Intermediate Algebra, had the greatest withdrawal and failure rates in higher 
education (Adelman, 2006).   As did the Calcagno study in 2007, Adelman found that 
of the general education courses with the largest enrollment, college algebra and 
pre-calculus had greater than 50% failure and withdrawal rates.  This is particularly 
disheartening since the remedial mathematics courses were instituted to adequately 
prepare students to succeed in the college algebra and pre-calculus algebra courses 







In 2016–2017, approximately nine million students were enrolled in nearly 
1,000 community colleges which accounts for almost 40% of all undergraduates in 
the United States.  The majority of these students require mathematics remediation 
(Weiss & Headlam, 2019).  The success rates of students trapped in the remedial 
mathematics sequence are unfavorably low.  In 2019 randomized controlled trial of 
a modularized, computer-assisted, self-paced approach to developmental 
mathematics, sought to compare the effect of a modular approach to the 
“traditional” course alternative on students’ likelihood of completing the 
developmental course sequence.  Despite the successful implementation the study 
did not find evidence that this approach was superior to the “traditional” 
mathematics class (Weiss & Headlam, 2019). 
 
Influence of Psychological Dimensions 
This section will discuss the influence of self-efficacy, anxiety, and self-
motivation on student attitudes towards mathematics courses, especially non-credit 
bearing remedial courses.  Assuming community colleges develop strategies to 
substantially increase the number of remedial mathematics students progressing 
successfully into college-level courses, there still remains the growing concern that 
students labeled as remedial do not believe in their own ability to succeed in college 
level mathematics and as a consequence disqualify themselves from higher paying 
jobs especially those in technology (Bandura, 1997).   
The concept of self-efficacy expectations formulated by Albert Bandura in 





efficacy expectations represent our individual attitudes towards our ability to 
successfully perform a task.  These expectations shape our behavioral choices, the 
manner in which we conduct ourselves, and resolution when handling adversity.  
Developmental students grade themselves very low on perceived academic ability 
and intellectual self-confidence.  These students generally are academically 
underprepared and therefore more apt to testify that they expect to fail one or more 
courses, need more time to complete their degree, and seek tutoring support 
(Grimes & David, 1999).  These academic and psychological variables have a 
negative effect on high school students’ preparation for college (Curtis, 2002).  
However, low levels of mathematical self-efficacy play a much larger role in the 
decision making process towards educational and career choices where high 
quantitative skills are essential than does the extent of mathematical preparation, 
level of mathematical competency, and even increased anxiety over mathematical 
tasks.  Students with poor mathematics self-efficacy consistently eliminate entire 
professions from consideration when choosing a career path.  Numerous students 
suffering from this condition are found in remedial mathematics courses, which can 
be one explanation for the increasingly high failure rates (Bandura, 1997; Betz & 
Hackett, 1987).  Diminished levels of mathematics self-efficacy have a direct 
relationship to mathematics anxiety (Yeager & Walton, 2011).   
Mathematics anxiety is a mental condition that sets off negative emotional 
responses when attempting to learn mathematics, inhibiting the learning process.  
Anxiety may be a symptom of a brain abnormality (traced to a lack of development 





al., 2012; Geake, 2009).  When stimuli first enter the brain they are analyzed and 
assessed for potential threats.  If a threat is perceived an emotional marker is 
assigned and remains with the stimulus as it is processed into thought and memory.  
Therefore, if a negative marker is assigned to the stimulus and triggers powerful 
emotions, for instance anxiety, fear or even anger, the brain tends to circumvent 
conscious thought processes, turning off areas that use logic, reason, and self-
regulation, and redirecting brain activity to the area that regulates psychomotor 
functions needed for reacting to danger or fear of danger (Geake, 2009; Young, Wu, 
& Menon 2012).  Consequently, this impedes and at times puts a complete stop to 
the learning process.  Mathematics anxiety can inhibit the progress of a student in a 
remedial mathematics program.   Research shows that mathematics anxiety is one 
reason many college students quit when presented with challenging mathematics 
problems (Godbey, 1997; Gourgey, 1984; Hembree, 1990; Ikegulu, 2000).  This 
could account for the higher withdrawal and failure rates among students enrolled 
in developmental mathematics courses since it is generally believed that 
mathematics anxiety appears more often and sometime more severely among 
students with an inadequate understanding of fundamental algebra (Bitner et al., 
1994; Betz, 1978, Godbey, 1997; Hembree, 1990).  This specific faction of students 
not only have to confront the challenge of having insufficient mathematical 
problem-solving skills but also conquering their fears.  It is not shocking that 
mathematics anxiety is inversely correlated to academic performance (Bitner, 
Austin, & Wadlington, 1994; Green, 1990; Ikegulu, 2000).  Although mathematics 





influences such as test anxiety (resulting in low placement scores) as well teacher 
feedback were strong predictors of performance.  Mathematics test anxiety is a 
component of mathematics anxiety; however, after controlling for mathematics test 
anxiety, general mathematics anxiety still impacted the mathematics grade of 
developmental students (Alexander & Cobb, 1984; Green 1990).  Such students have 
a tendency to quit when faced with difficult problems or even non-school related 
stressors (Bembenutty & Zimmerman, 2003). On a positive note, research suggests 
that mathematics anxiety can be predicted in a child by the age of seven, and is 
treatable as a phobia (C. B. Young et al., 2012; Geake, 2009). 
Data developed by Calcagno and Long (2008) suggest that students become 
overwhelmingly discouraged when forced to take remedial classes before 
traditional college-level courses and ultimately discontinue their pursuit of a college 
degree.  A large majority of students placed into remedial courses view them as a 
superfluous cost and pointless, thus resulting in a decrease in retention and student 
persistence (Bettinger & Long, 2009; Calgano & Long, 2008).  Many high school 
students enter college with the feeling that they have been simply “passed along”, 
despite spending little time studying, resulting in less than average grades. This is 
especially true for community college students due to open enrollment policies. 
These same students, now having to enroll in remedial mathematics courses, 
assume they will be handled in the same way, regardless of what is explained in the 
syllabus.  To succeed in these courses students generally are required to pass a 
standardized test at the end of the course, and therefore must dedicate countless 





standardized test seems very far away and students quickly develop the assumption 
that omitting a particular homework assignment will not determine whether they 
pass the course and thus they do not apply themselves and eventually fall short 
(George, 2010).  Students should have an appreciation that their work does count, if 
at least indirectly, because it is necessary to learn the material.  But students in 
remedial mathematics classes are less apt to accept this truth.  Generally speaking, 
academic underachievers are more likely to possess the belief that their poor 
performance was simply their destiny rather than a direct consequence of their lack 
of effort (Findlay & Cooper, 1983; Weiner, 1979).  Miller (2000) reported that 
developmental students expressed views that algebra was not useful or relevant to 
their lives.  This lack of apparent usefulness of mathematics hinders a student’s 
motivation and effort and ultimately success in the course (Chouinard et al., 2007; 
Updegraff & Eccles, 1996).  Poor attitudes towards mathematics, namely a perceived 
lack of usefulness, have the most impact on motivation in self-paced learning and 
therefore inhibit the effort that students put forth towards their learning of the 
subject (Pintrich, 1995; Pintrich et al., 1991; Zimmerman, 1990; Zimmerman, 2000).  
Such attitudes place underprepared students in situations where they have high risk 
of academic failure (Garavalia & Ray, 2003), due, perhaps, not only to lack of ability 
but also to mistaken assumptions about mathematics or negative attitudes (Drew, 
1996; Mealey, 1990).  Since remedial mathematics students are among the lowest 
achieving college students, due to a lack of basic skills, they also lack the lasting 
effort and motivation needed to achieve long-term academic goals (Bembenutty & 





students have to perform well academically, some have difficulty maintaining focus, 
especially when confronted with distractions and specifically students taking 
remedial courses (Pintrich & Garcia, 1994).  Since viewpoints on the values of 
learning have an effect on a student’s ability to self-motivate, it is conceivable that 
ideas about mathematics, in general, may influence self-paced learning.  Therefore, 
inadequate self-pacing skills may help explain the reasons developmental students 
tend to quickly give up when faced with obstacles resulting in an increase of 
withdrawal rates in developmental math courses (Adelman, 2004; Gerlaugh et al., 
2007; Zimmerman & Bandura, 1994).  Mangels, Good, Whiteman, Maniscalco, and 
Dweck (2012), with the use of electroencephalograms (EEGs), performed a 
neurological study in order to recognize physiological responses to the stereotype 
threat of possessing inferior skills in mathematics.  They discovered that negative 
emotions due to this stereotype obstructed the learning centers of the brain, and 
thus curricula implementing support that focuses on negative emotional responses 
can have a positive effect on the learning process.  Initially, there are those students 
who remain in the remedial courses for lack of other options but with increased 
levels of mathematics anxiety due to feelings of being underprepared, an ill-
conceived notion that mathematics ability is genetic, and poor study habits perhaps 
carried over from high school; these students with already low confidence and self-
worth soon have a lack of motivation to continue and a careless attitude towards 







 Remedial mathematics education is in a state of muddled disarray at 
community colleges across the United States, with regards program management 
and content distribution.   Strong evidence suggests that the problem is not 
mathematics, but, rather, a psychosocial condition of remedial students, as well as 
the primary functions of the brain shaped by this condition that negatively affects 
learning outcomes (Bailey, 2008; Dweck, 2006; Yeager & Dweck, 2012).  It is a poor 
mathematics background, coupled with negative attitudes towards mathematics and 
severe mathematics anxiety that hinders the performance of otherwise capable 
students (Bohuslov, 1980; Bassarear, 1986; Chouinard, Karsenti, & Roy, 2007; 
Fennema & Sherman, 1976).    
 
Failure of Early Remediation Plans 
Mathematics seems to be a tremendous hindrance for many community 
college students in their pursuit of a post-secondary degree (Achieving the Dream, 
2006).  Specifically, algebra is perhaps the largest obstacle for millions of 
postsecondary education students.  Since successful completion of algebra is 
commonly required by most community colleges and essentially all universities, in 
order earn any degree of higher education, these students are unable to continue 
and consequently leave school as failures (Complete College America, 2012; Li, 








Efforts to rectify this problem have led to the establishment of the current 
multi-billion-dollar business known as remedial mathematics education.  This 
section will discuss the failures of past and current attempts to remediate students 
into introductory mathematics courses. 
The basic premise behind the implementation of remedial mathematics 
education is to re-teach secondary level mathematics to college aged students, both 
traditional and non-traditional, so they can pass an introductory level college 
mathematics course.   The belief is that failure to pass algebra is solely due to the 
lack of elementary mathematics skills either not learned or not retained from their 
time spent in high school.   However, despite approximately $3 billion invested 
annually by state governments to finance remedial mathematics courses, as well 
additional millions donated by private organizations, such as the Bill and Melinda 
Gates Foundation, less than 30% of the students requiring remedial mathematics 
ever pass a college level algebra course (Bailey, 2008; Bailey, Jeong, & Cho, 2009; 
Complete College America, 2012; Strong American Schools, 2008).  The demand for 
college remediation in mathematics continues to be a national problem.  
Approximately, 1.3 million students in the United States are taught remedial 
mathematics at institutions of higher education, where 75% of these students 
attend community colleges (Sparks & Malkus, 2013; Strong American Schools, 
2008).   At one point these students were permitted to enroll in introductory college 
level courses without first going through remediation.  Many such students failed 
and, thus, state legislators responsible for funding these programs started to require 





for college.  Students scoring at a deficient level in mathematics were forced to 
enroll in remedial courses to acquire the essential skills required to begin college 
level mathematics coursework (Fullwinder, 1999; Bailey et al., 2009; Merisotis & 
Phipps, 2000).  A study conducted in Ohio revealed that approximately half of all 
incoming freshmen are placed into remedial mathematics courses (Bettinger & 
Long, 2005).  Additional research unquestionably enriches our current knowledge 
and understanding about obstacles for community college students enrolled in 
remedial mathematics by presenting supplementary statistics and analysis.  
Examining the distinctive models of mathematics remediation gives educators more 
discernment towards the effects of remediation on introductory college level 
mathematics courses and beyond.  The need for a more robust basis for growth to 
withstand future economic tribulations that allows the United States to compete 
globally is dependent on information presented in such research studies (Bettinger 
& Long, 2009; Calcagno, 2007; Calcagno & Long, 2008; Martorell & McFarlin, 2010). 
Since their institutionalization in the late 1970’s (Fullinwider, 1999) 
remedial level courses in mathematics have been the most common response to 
supporting the underprepared college student.   The genesis of the community 
college system in the late 19th century provided the opportunity to students to 
complete their first two years of their college education using an open-door policy 
for admission.   This type of nonselective admission led to these college enrolling 
students lacking the sufficient skills in mathematics required for admission at 
standard 4-year institutions (A. M. Cohen & Brawer, 2009).   A practically 





examination to be taken when a student first arrived on campus.  The majority of 
community colleges and non-selective colleges and universities in California, 
Florida, New York, and Connecticut use cutoff scores for any or all of the following 
tests: SAT I, ACT, Accuplacer, or an institutionally developed test, to place students 
into appropriate mathematics courses in their freshman year (Latterell, 2007; 
Couturier, 2015).  In the cases where students take an examination proctored by the 
school it is generally administered prior to or during the first week of registration 
where students are effectively placed into a mathematics course determined by 
their score on the examination (Antonoff 2004, College Board 2002, US Dept. Ed 
2000).  Should a student score lower than the required level for placement into an 
introductory college level course they are required to enroll in a non-credit remedial 
mathematics course designed to prepare the student for the credit bearing courses.   
Placement procedures such as these are inherently problematic for the following 
reasons: (1) the awareness that scoring a grade lower than the minimum level 
carries with it a sense of alienation and stigma of being unintelligent (Cornell, 
2004);  2) the negative impact on a student’s resolve, financial status, choice of 
major, and ultimately career employment (McCabe, 2001); and (3) most shockingly, 
enrolling in remedial mathematics courses may substantially decrease a student’s 
likelihood of passing the introductory level course (Bailey, 2009; Adelman, 1998; 
Strong American Schools, 2008).   The aforementioned studies have indicated that 
about two thirds of community college students positioned in developmental 
mathematics programs fail to successfully progress through the program.  The 





fewer than 10% ever completing a college level course (Bailey et al., 2010).  
Furthermore, a Florida study centered on a large data set offered no endorsement of 
the usefulness of remedial mathematics: of the remedial students who excelled in 
remedial mathematics courses, less than one-third successfully completed an 
introductory college level mathematics credit course such as College Algebra or 
Precalculus (Calcagno, 2007; Calcagno & Long, 2008).  Similar results were found in 
both Ohio (Bettinger & Long, 2009) and Texas (Martorell & McFarlin, 2010).  
 
 A 2008 study published by Martorell & McFarlin involving approximately 
400,000 4-year and 2-year college students evaluated the students’ total credits 
earned after freshman year subsequent to their mathematics remediation.  
Researchers discovered that the students who struggled in their remedial programs 
frequently performed unsuccessfully in higher level mathematics courses, which 
gave them a high risk of dropping out of college.  The study also showed the average 
number of academic credits attempted by students in their first year was lower by 
1.5 credits resulting in a decrease of the total number of credits attempted by 
students within their remaining college years by six academic credits (Martorell, 
2010).  This suggests that lack of success in remedial courses impedes students 
from moving on to future courses and eventually leads to a decline in the number of 
academic credits attempted.  However, the results of the study revealed that 
remedial mathematics students who successfully remediated and subsequently 
attempted and/or passed a college-level mathematics course experienced 





remediate the majority of students into college level mathematics is recognized by 
most in the profession to be the most troublesome problem in American 
postsecondary education, and it appears to be getting worsening (American 
Association of Community Colleges, 2012; Bailey et al., 2009; Complete College 
America, 2012). 
  It is widely accepted by educators and policymakers that not all students 
have the required abilities for college level work (Cronholm, 1999; Marcus, 2000; 
Trombley, 1998); on the other hand, some educators and administrators believe 
that the level and quality of instruction for high school mathematics is inadequate 
for preparing those same students to learn college-level mathematics (Hoyt & 
Sorenson, 2001).  This lack of preparedness at the secondary level has managed to 
pass along the responsibility of remediating the entering freshman onto the colleges 
and universities.  Colleges have begun offering classroom and distance learning to 
high school students as a means of preparation prior to enrolling in introductory 
courses. According to Adelman, the academic intensity of the student’s high school 
curriculum still counts more than anything else in pre-collegiate academic history in 
providing momentum toward completing a bachelor’s degree. The high school 
system seems to have failed and, as a result, institutions of higher education 
consequently inherit this problem. (Adelman, 2006).  Making matters worse is the 
disproportionate number of minority and low-socioeconomic status students 
required to enroll in remedial mathematics courses as compared to their more 
affluent cohorts (Adelman, 1998; Bailey et al., 2009).   With ethnic minority 





within the Hispanic community, a failure to educate these ever rising populations 
has raised concerns that the United States will decline in competitiveness among the 
ranks of world economies.  In an age of progressive scientific advancements and 
information driven economies these failures threaten to destabilize the societal 
strength of America historically believed to depend on a formidable middle-class 
(Lumina Foundation, 2012; Bailey et al., 2009; Complete College America, 2012; 
Strong American Schools, 2008).  Policymakers and activist groups throughout all 
levels of government believe schools have wasted millions of taxpayer dollars 
providing remedial mathematics courses for students who, based on current data, 
will never pass any college mathematics course.  This dissatisfaction has caused 
government officials to lose confidence in colleges’ ability to successfully address 
the problems in remedial mathematics education, resulting in a reduction in 
funding.  In order for schools to receive any sort of adequate financial support, they 
needed to first provide evidence of successful outcomes while being mandated to 
offer alternative instructional methods (Complete College America, 2012; Li et al., 
2010; Parker, Bustillos, & Behringer, 2010). 
The Community College Research Center maintains that remedial 
mathematics education programs as they are presently run at community colleges 
are confusing, chaotic, and comprise a mixture of unreliable assessments, 
insufficient curriculums, and ineffective intercessions, lacking the necessary 
structure to prepare students for even introductory college level work (Bailey, 
2008).  The CCRC collected its data from the community colleges that joined the 





three major problems with the current shape of remedial mathematics education: 
(1) Adequate assessments or a lack thereof for determining which students are 
college ready; (2) the placement of cut-off scores used to decide which students 
needed remediation and those who did not; (3) the length of time necessary for the 
weakest students to progress through the remedial course sequence.   The 
Community College Research Center research showed little relationship between a 
student’s future success in college and test scores designating that student as 
remedial.  In fact, the study mentioned that two students with the same low test 
score might have needed two entirely distinct forms of support in order to have 
success at college level.  Where one student may in fact need the increased structure 
and larger focus on study skills that a sufficient remedial course could provide, the 
other with the same test score quite possibly just needed to have relevant 
mathematics knowledge refreshed and could have been successful in a college level 
course at the outset.  CCRC researchers concluded that defining college readiness by 
using a benchmark in the curriculum was irresponsible, and that assessments 
should be geared towards skills students need, by and large, to succeed in college 
(Bailey et al., 2009; CCRC, 2013).   In addition, little to no connection was linked to 
the success of students on either side of the cutoff scores.  Students classified as 
remedial were required to spend more time and money on a remedial course 
sequence, often with no tangible future benefit.  
 Last of all, the low number of students failing to complete the remedial 
sequence was due to many never enrolling in the next course even after completing 





complete their remediation had the ability to do so but simply chose not to continue 
due to time and financial burdens, leading to the ultimate conclusion: remedial 
mathematics was simply ineffective because schools did not retain students long 
enough to remediate them.   The CCRC completed their study by strongly requesting 
a major overhaul of the entire remedial mathematics education system because the 
existing model was failing more than half of the students enrolled (Bailey et al., 
2009; CCRC, 2013).   
 
Proposed Current Solutions 
This section will discuss current proposed plans to increase student success 
in mathematics at the post-secondary level.  The solutions range from school 
systems having implemented a complete overhaul of their developmental 
mathematics programs to redesigning mathematics courses in order to incorporate 
computing technology or online educational software and in some cases, non-
academic solutions to problems in remedial mathematics education.   
In 2009, using evidence from the Achieve the Dream reform, the Community 
College system in Virginia underwent a redesign enlisting 55 members of the 
mathematics faculty to make specific changes to course requirements based on 
students’ skills and career paths (Berl, 2014 Dubois, 2010).  The use of learning 
support centers explicitly or tutoring in mathematics has led to an increase in the 
number of students following a path to a career in mathematics.  There exists a 
positive correlation between the availability of peer tutoring and academic 





2003; Bannier, 2009).  Several comprehensive studies validated that regular 
tutoring in mathematics leads to an increase in retention, performance on tests, and 
overall GPA in mathematics (Hartman, & Uribe, 2001; Gribbons & Dixon, 2001; Reitz 
& McCuen).  However, despite the level of commitment to the use of mathematics 
learning centers, limited research is invested in how such initiatives help improve 
the academic skills of both developmental and college level students (Perin, 2004).  
Downsides to these tutoring support centers include the stigma of serving only low-
level students and, in many cases, of providing too much tutorial help (Bannier, 
2009; Perin 2004).   
Student attendance in tandem with a positive attitude towards an active 
stance in the learning process are the two most significant factors leading to student 
success (Thomas & Higbee, 2000).  As we have seen, the challenge for remedial 
mathematics courses lies in motivation: negative attitudes toward remedial courses 
influence student desire to learn mathematics (Chouinard, Karsenti, & Roy, 2007; 
Givvin, & Kazemi, 1998; Mealey; 1990).  In California, all 110 community colleges 
have one shared goal: to provide the groundwork of rudimentary skills in 
mathematics to underprepared students (Jepson, 2006).  Other states looked to 
improve mathematics placement and processes by recommending policy changes to 
increase STEM student aspirations (American, 2004; Bettinger, 2009; JFF, 2015).   
Educators in Texas developed the Texas Academic Skills Program (TASP), 
(Charles, 2012a; Center, 2016), where scores on statewide standardized tests are 
used to measure pre-collegiate competences and ultimately place underprepared 





Education, 2012).  A Cross-State STEM workgroup in collaboration with the Charles 
A. Dana Center in Texas, Jobs for the Future, and Achieving the Dream offered six 
recommendations to improve the success of STEM-aspiring students: (1) Begin the 
placement support process early; (2) Use multiple factors in conjunction with 
placement test scores to place to students into the most appropriate scores; (3) 
Require tests be made to align with to specific math pathways; (4) Strengthen the 
role of student support during the advising process; (5) Prioritize student and 
academic career goals; (6) Create a bridging mechanism from non-algebra to 
algebra pathways (Charles, 2012b; Couturier, 2015).  
Placement into remediation at the college level poses a significant barrier to 
degree attainment. Computer-based delivery of remedial mathematics has shown 
promise as a means of helping students to accelerate through mathematics 
remediation and become college-ready (Fay, 2016).  Thus many schools elect to 
implement computer based instructional models for remedial mathematics students 
using online software programs, such as MyMathLab and ALEKS, coupled, for 
students with lower likelihoods of success, with mandatory tutoring appointments 
at the schools learning center (Bassett & Frost, 2010).  The degree to which 
computing technology is incorporated into mathematics courses is dependent on 
the model implemented by the school.  Essentially there are four distinct models 
using technology as an instructional tool: (1) ancillary (2) alternative (3) emporium 







 The ancillary model supplements in-class lectures with out-of-classroom 
activities conducted online.  Often, work is assigned that coincides with class 
lectures using computer software such as Matlab, Excel, GeoAlgebra, or other 
mathematical software designed for graphing and data analysis (American 
Mathematical Society, 2010; Mathematics Education Centre, 2011).   
The alternative model replaces some of the classroom lectures with online 
learning activities; the most common use of this model is found in the Flipped 
Classroom.   In this model students are shown new content outside the classroom, 
watching lecture videos via an online platform, and then in class time is spent on 
absorbing that knowledge through discussion and problem-solving activities 
(Berrett, 2012; Fitzpatrick, 2012; Mazur, 2009; Steed, 2012).  One example of this 
was developed at Jackson State University named the SMART (Survive, Master, 
Achieve, Review, and Transfer) model, which combined three developmental 
mathematics courses into one course separated into 12 modules.  SMART Math 
provides multi-exit options based on student’s education and/or career goals 
instead of simply focusing on remediating high school mathematics. Mastery of 
competencies and opportunity to progress more quickly or slowly if needed, is 
achieved with access to immediate individualized support, the use of study guides, 
and technology-based instruction (Bassett & Frost, 2010).  The SMART model 
program places more emphasis on the specific mathematical concepts essential to 
curricula instead of a comprehensive list of concepts for a remedial mathematics 






The emporium model, originated at Virginia Tech in 1999, has become an 
increasingly popular model at both 2-year and 4-year institutions.  This model 
replaces the traditional classroom lectures with a computer resource center 
dedicated to the mathematics department.  Students are required to be present in 
the resource center during the scheduled class time and complete their course 
requirements by using computer software and on-demand instructor or tutor 
assistance (Schoenfeld, 1988; Twigg, 2011; Wilder & Berry, 2016;).  Schools like 
Southern Connecticut State University, Kent State University, and the University of 
North Dakota have abandoned traditional remedial mathematics courses and 
instead implemented this Mathematics Emporium Model (DuBois, 2010).  
Computer-based emporium models utilize a system where a mastery of 
competencies in remedial mathematics is achieved through self –paced modules 
using technology-based instruction.  Specifically, students enrolled in modularized 
self-paced courses using the emporium model receive mathematics remediation 
using a mixture of adaptive lessons and assignments with weekly in-class direct 
instruction sessions.  Generally, schools adapt this model partner with a commercial 
educational software developer (i.e., ALEKS, Pearson, Cengage) to customize and 
fully integrate the software within the self-paced courses (Arizona Department of 
Education, 2013; Knewton, 2012).  The computer-based program delivers all the 
instructional content using adaptive technology specifically designed to meet 
student needs.  The self-paced design allows for students’ advancement to be 
dependent on their ability to exhibit mastery of the content while simultaneously 





worth noting that the incorporation of technology in education dates back to 
instructional videos on television.  However, the current adaptive learning 
technologies afford the opportunity, which television could not, for a wide range of 
people to learn. 
Adaptive instruction refers to the manner in which instructional materials 
are used from a range of resources. In most adaptive models students’ mastery of 
content is assessed in real-time using prior knowledge and selecting and suitable 
content for their specific skill level.  Individualized instruction is the customized 
product offered to the learners based on their specific needs.  It is imperative to 
base all adaptive instruction a student needs on their prior knowledge.  Students 
form meaningful connections between what they are learning to what they already 
know, thus improving retention.  Making these connections is critical especially for 
beginning students, since they have a tendency to shape new knowledge around 
obvious and more tangible information. Accurate assessment of prior knowledge 
establishes a foundation for learning, which leads to success and ultimately boosts 
student confidence (Dochy, Segers & Buehl, 1999; Hirschfeld, Lawson & Mossholder, 











Finally the online model completely eliminates on campus class meetings and 
all lectures, assignments, and teacher interaction are conducted in an online 
environment using a course management software, such as Canvas or Blackboard 
that integrates with educational software (for instance, WebWork or MyMathLab) 
(Kadlubowski, 2001; Relan & Gilani, 1997; Russel & Holkner, 2000).  Just as the 
emporium models the fully online models may also include adaptive instructional 
technology.  
 While many states have sought to provide solutions to the problems facing 
remedial mathematics at the post-secondary level, other states worked to increase 
communication between secondary and post-secondary instructors.  They focused 
on adjusting the high school curriculum, for example, structuring the last semester 
of a student’s senior year like a first semester in college -- a significant difference for 
many high school students, who tend to enroll in less rigorous courses in their 
senior years (Kirst, 2004; Venezia, 2003).   
Since socio-psychological factors impact learning, there is support for non-
academic solutions to problems in remedial mathematics education.  While 
educators concentrate on making curricular changes and improving teaching 
methods, they should not overlook the socio-psychological aspects that address the 
underlying mental obstacles to learning (Crosnoe & Schneider, 2010; Kelly, 2011; 
Jensen, 2009; Schrag, 2011).   Student test scores are substantially improved when 
psychological measures are adopted to reduce the level of fear students have that 
performing poorly on tests will prove the negative stereotypes surrounding 





Developmental mathematics students conveyed their frustrations about the 
usefulness of mathematics but admitted that their satisfaction with the course was 
directly related to their comprehension of the content (Miller, 2000).  Since the 
attitudes of these students towards mathematics hinders their enthusiasm, 
transforming the perception of its usefulness coupled with immediate success in 
their course should improve student outlooks toward mathematics (Green; 1990; 
Miller, 2000).  At the secondary level students have more access to support from 
teachers, counselors, and mentors than at the post-secondary level.  In 2011, Yeager 
and Walton discovered that program plans with an emphasis on students’ 
psychological views of self-efficacy and whether they belong in college or not 
generates a lasting impact on student success, especially among women and 
minorities.  Those students with low socio-economic status (SES) who take 
advantage of the provided support are able to maintain their mathematics aptitudes 
at the same level as their cohorts of high SES, essentially negating the impact of their 
low SES.  Students of high SES who did poorly in mathematics but sought out 
support and counseling still succeeded in college mathematics, signifying the 
important role of socio-psychological factors across all levels of socio-economic 
status (Crosnoe & Schneider, 2010).  In order for remedial mathematics to be 
successful it must include additional support to improve retention, specifically 








 Many remedial mathematics students come from destitute circumstances 
and frequently require additional support to simply overcome their poor 
backgrounds.  The type of non-academic support should include advice with special 
attention to schedule, number of credits, and cautious course selection.  Advisees 
should have an understanding of the influence a student’s social class has on 
academic performance (Jenkins & Weiss, 2011; Tinto, 1993).   
Programs designed to cater to the needs of underprivileged students are 
primarily geared towards helping students overcome any discouraging societal, 
cultural and educational experiences.  According to Braunstein (2008), such 
programs could potentially completely close the gap in retention rates between 
students in remedial and college level courses.  The discoveries from relevant 
studies speak to the evident existence of emotional hindrances for remedial 
students, but thus far there is little indication within the community college systems 
of consistent application of these facts (Salmon, Givvin, & Kazemi, 1998; Steele and 
Aronson, 1995).  
Many colleges and states have modularized the curriculum and course 
structure of their developmental mathematics sequence in an effort to decrease the 
amount of time it takes for students to complete their developmental requirements 
and increase the number of students who successfully move on to college-level 
mathematics (Bickerstaff, 2016).  The proposed solution described in this study 
abandoned the traditional remedial mathematics track and implemented 
modularized introductory college level courses with embedded tutoring support to 





The modularized curriculum contains six modules developed by the mathematics 
faculty who identified content areas and learning outcomes for each module.  Within 
the structure of the curriculum are predetermined objective benchmarks which 
students much reach before moving onto the next module.  Research has shown that 
a student’s attitudes are a major influence on a student’s learning in courses within 
modularized environments (Kim, 2014; Edwards, 2013).  Kim (2014) found a 
relationship between a student’s fundamental worth and their final grades in a 
modularized mathematics course.  Similar studies showed a positive correlation 
between student success and drive in modularized courses (Bandura, 1993; 
Gottfried, 2005; Kesici & Erdogan, 2010).  The goals of modularization include an 
adaptive learning experience for students that allows them to address their 
identified weaknesses to focus on in order to support their academic goals (Twigg, 
1999).   Additionally, the advantage of modularized curricula, specifically with 
regards to mathematics,  are the augmented opportunities to repeat content as 











Restatement of the Purpose of this Study 
The purpose of this study is to identify the effects of enrolling every incoming 
freshman requiring remediation in a modular introductory college-level course that 
includes embedded support in the form of extra class time to work with the 
instructor and tutors. 
 
Research Questions 
The following are the specific questions this study looks to answer: 
1. Is there a significant difference between student confidence at the 
beginning of the modular course and student confidence at the end? 
2. What do the interviews reveal about student confidence while 
progressing through the modular introductory level course? 
 
Setting 
This study was conducted at an urban university whose mission is 
specifically sensitive to the students in the surrounding community, which has a 
large percentage of high-risk remedial education students (Department Education, 
2016).   This private four-year institution serves more than 2,700 undergraduate 





where the majority (70%) belong to a minority class.  It is predominantly a 
commuter school; however, in any given year there are approximately 800 
undergraduates living on-campus.   Over 99% of their students receive financial aid, 
academic scholarships, and need-based awards.  This university offers a unique 
scholarship opportunity for full-time domestic freshman and transfer students.  
They guarantee first-time, full-time domestic freshman students residing on 
campus, commuter students living within a 30-mile radius on campus and all full-
time domestic transfer students are awarded financial aid.  This scholarship is valid 
for four academic years or eight semesters and is directly applied to tuition. In 
addition, the university provides merit-based scholarships.   From a student’s first 
day, they are paired with an academic advisor to help them build their first semester 
around a learning community with three classes and a group of 20 students. Upper-
class students serve as peer mentors, and classes are taught by senior faculty, 
including the president and provost.  The university’s core curriculum includes 
skills classes geared to help students learn how to think clearly, write effectively, 
and communicate accurately and persuasively. These courses, normally taken in the 
first semester, lay the foundation for all further study.  The university requires 
competency for such skills through successful completion or placement out of two 
such courses: one in composition, the other in mathematics.   In order to ensure all 
students are afforded the opportunity to complete the general education 
mathematics requirement in their first year, the university eliminated remedial 
mathematics courses and implemented a model combining components from all 





developed at this university has been in practice since 2014.  Prior to 2014, students 
not prepared for college level mathematics were required to enroll in remedial 
mathematics which was consistent with other schools across the state and country.  
Since then, the university eliminated the remedial mathematics courses and 
established a new introductory-level college mathematics course (MATH 105M) 
that combines the best ideas from the four technology-based models; 
supplementing in-class lectures with online activities (ancillary), in class guided 
practice workshops (alternative), replacing traditional classroom with a computer 
laboratory (emporium), and integrating educational software with online course 
management platform (online). 
 
Context 
MATH 105M is a modular based course spanning selected topics from 
elementary and college algebra to be delivered using computer assisted exercises, 
workshops and tutorials.  After diagnostic tests students were placed in the 
appropriate starting module and took periodical examinations to establish mastery 
in the topics. This self-paced course may be covered in more than one semester 
depending on the student’s progress.  The modules cover material from elementary 
algebra, including fundamental operations, fractions, real numbers, exponents, 








The topics from college algebra include set notion, number systems, formulas 
and variation, solving polynomial equations, and quadratic, rational, exponential, 
logarithmic, composite, and inverse functions.  This course also satisfies the 
university's Core Curriculum Basic Skills mathematics requirement. 
Students enrolled in the new course are expected to work on activities in 
MyMathLab outside of the classroom via Canvas, the university's online learning 
management platform.  When students are in class, they meet in a computer lab 
three times a week for 75 minutes each class session.  During such sessions, 
instructors do provide direct instruction; however, many video lectures are pre-
recorded, and students are required to view them online outside of class time.  The 
face-to-face lectures are strategically scheduled so that specific in-class time is 
designated for working on assignments similar to the emporium model.  
Additionally, tutors are embedded in the course and serve as support for students 
during the lecture days and most importantly during the emporium classes.   All of 
the students’ assignments and assessments are completed and submitted online.  
The university uses Canvas for every course in all disciplines.  Here students have 
access to their syllabus, discussion, assignments, and exams.  Integrated in Canvas 
are the course modules created using a fully customized edition of MyMathLab.  
Students work on these modules at a guided self-pace.  Due dates are assigned to 
each module in order to maintain accountability and keep students on task; 
however, they have flexibility to work at their own pace.  Students can complete 
modules at their own pace and therefore can be excused from attending the 





Classroom instructors are granted the freedom to structure their classroom 
time according to their relative teaching style, under the requirement that at least 
one 75 minute class period be reserved exclusively for time on task (no direct 
instruction).  During that exclusive lab time, at least one department tutor is present 
in the classroom to serve as additional support for the students. 
The complete MATH 105M course consists of six modules, each containing 
the following components:  Pre-tests, Study Plan Objectives, Module Mastery 
Assignments and Post-tests.  The Pre-tests, Study Plan and Mastery Assignments are 
built using MyMathLab and accessed through Canvas.  The Post-tests are 
administered directly on Canvas via Respondus Lockdown Browser and Monitor.   
The tests are created in real time for each student using a pooling system from 
problems assigned through the module.  This means no student has the same exact 
test as another, but every student has the same number of questions with the same 
level of difficulty assessing the same content knowledge.  Upon completion of the six 
modules, a cumulative final exam is administered to the student.  The final exam is 
also formed in real time using a prescribed pooling system developed by the 
Mathematics Department.  
The Module Pre-tests provide insight into what students initially understand 
and are only administered once to the student at the beginning of each module.  The 
results of each Pre-test impact the student’s Study Plan Objectives.  In every module, 
the students are required to learn a prerequisite number of objectives prior to 
unlocking the Mastery Assignment for their current module.  Once a student has 





taking the Module Post-Test.  Due to the adaptive nature of the Module Mastery 
Assignment, students’ assignments are likely to vary from those of their classmates.  
If a student does not earn 70% or better on the Mastery Assignment, the online 
software directs them to re-learn the objectives where they failed to earn mastery, 
and only after re-learning the objectives can the students retake the Mastery 
Assignment.  This adaptive process continues until the student earns a 70% or 
better on the Mastery Assignment.   Once successfully demonstrating at least a 70% 
on the Module Mastery Assignment; the Post-test can be administered to the 
student.  The Post-tests are password protected and the instructor provides the 
student with their own personal access code in order to take the Module Post-Tests.  
This rest of this chapter will give further details about what types of data were 




As a case study of a singular remedial program designed for university 
students at a private four-year institution, this study employed a mixed method 
approach to answer the two research questions.    
Quantitative data were collected by MindGarden and qualitative data via 
student interviews. This choice of method was selected to take advantage of the 
availability of a private institution that, by its nature, is not bound to the same 
curriculum restrictions placed on state institutions that require all schools to have 





Due to the nature of the research questions a case study of a singular 
remedial program is appropriate for addressing them; its strengths outweigh its 
limitations.  The strengths include that a large amount of detail can be collected.  
The data in a case study are generally much richer and of greater depth than other 
research study designs (Eisner, 1991; Erickson, 1986).  A case study offers insight 
into the meaning of a particular phenomenon and can be used to construct further 
hypotheses for future research.  Case studies examine the processes and problems 
in a certain field and can lead to a fuller understanding, resulting in improvements 
to programs and policies.  Statistical and empirical data are gathered through 
surveys and interviews and included in a thorough report that addresses the posed 
questions and supports the initial basis for the study (Hamel, 1993; Yin, 2009).   
  
Role of the Researcher 
The primary relationship necessary for this research study was with the 
modularized mathematics course developed where the study was conducted.  This 
relationship was necessary to obtain interview participants and data for answering 
the research questions.  The second relationship was with the university where the 
study was conducted.  Permission to proceed with the data collection was obtained 
from the university’s Internal Review Board (IRB).  Permission to use the MSES 
(Mathematics Self Efficacy Scale) was provided by Mindgarden where the survey 
data were collected by them.  Permission by the participants was obtained using the 
IRB approved waivers explaining the nature of the study and how their privacy and 





The researcher had an established five-year relationship with the developer 
of the modularized mathematics course and the university where the course was 
administered.  The researcher works at the university as the Director of the General 
Education Mathematics.  His primary responsibilities include appointing a number 
of faculty members to teach all the general education mathematics courses and 
conducting classroom observations of all adjunct faculty.  The program used to 
modularize the curriculum, MyMathLab, is a proprietary online software developed 
by Pearson.  The software was integrated with the university’s blackboard platform, 
Canvas.   Since 2013 more than 400 institutions across the United States use 
MyMathlab as an educational tool to improve student achievement in college 
(Tucker, 2013).   
Participants 
At the university where this case study was conducted, approximately 500 
students had been enrolled annually in the traditional introductory mathematics 
course and its prerequisite remedial mathematics course.   Those courses were 
eliminated and replaced with a modular introductory course listed as Math105M 
Modular Intermediate Algebra.   Due to the limited number of survey licenses thirty 
students enrolled in Math 105M were selected at random to participate in this study 









 From those 30 students, six students were selected using the following 
criteria and with the expected completion date of Module 1 as a benchmark: two 
students who had not yet attempted Module 1 Pre-Test, two students who had 
unsuccessfully attempted Module 1 Pre-Test, and two students who had successfully 
completed Module 1 Pre-Test.  
The students in Math 105M are assessed based on content from six modules 
spanning the same content as the traditional course.  Direct instruction is still used 
in the same manner as in the traditional course (twice a week 75-minute lectures) 
but a third 75-minute laboratory is added to the course.  Tutors are also embedded 
into the course and are scheduled to attend at least one of the lecture days and 
present at each laboratory session.  The six modules are self-paced, using 
MyMathLab as the engine to administer lecture videos, homework, quizzes, and 
assessments.  Students are required to show mastery (varies for each module) on a 
number of objectives prior to taking a post-test.  All the tests are administered 
online through Canvas using the Respondus Lockdown Browser with Monitor 
enabled to maintain academic integrity.  Ultimately an Exit Examination is 
administered to the students upon completion of all the modules.   
 
Survey Instruments 
The data needed to answer question one was collected using the 
Mathematics Self Efficacy Scale (MSES) administered to students online by 
Mindgarden at the beginning and end of the semester.  Some of the students that 





modules.  The MSES intended to measure beliefs regarding ability to perform 
various math-related tasks and behaviors.  The data were based on three areas of 
math-related self-efficacy expectations: 
1.  The solving of math problems, that is, problems similar to those found on 
standardized tests of mathematical aptitude and achievement (i.e. Dowling's 
Mathematics Confidence Scale). 
2.  Mathematics behaviors used in everyday life, for example, balancing a 
checkbook, as represented by the Math Anxiety Rating Scale (MARS; Richardson & 
Suinn, 1972). 
3.  Capability of satisfactory performance in college courses requiring various 
degrees of mathematics knowledge and mastery. This aspect of behavior has not 
previously been used in the study of attitudes toward math but was considered 
particularly appropriate for examination in a population of college students (Betz & 
Hackett, 1993). 
Self-efficacy expectations with regard to mathematics were operationally 
defined to include perceptions of performance capability in relationship to 
mathematics problems, everyday mathematics tasks, and mathematics-related 
college coursework.  Samples of the MSES instrument used can be viewed in 
Appendix A.  Upon completion of the course, a paired t-test was conducted on a 
sample size of 30 students to determine if there exists a significant difference 
between student confidence at the beginning of the modular course and student 







Individual student interviews were conducted at three different points 
during the semester in order to acquire an understanding of student confidence 
while progressing through the modular introductory level course.  Early on in the 
semester six interviewees were selected in the following manner: Two students who 
had not attempted Module 1 Pre-Test, two students who had unsuccessfully 
attempted (scored less than 70) Module 1 Pre-Test, two students who had 
successfully completed Module 1 Pre-Test.  Those students were interviewed and 
asked to answer the free response open-ended questions.  The individual student 
interviews were audio recorded and conducted at three different predetermined 
points over the entire semester in order to acquire an understanding of student 
confidence while progressing through the modular introductory level course.  The 
initial interviews were conducted during the second week of classes, which is the 
last week to drop a class without penalty.   The follow-up interviews were scheduled 
and held during the ninth week of classes, which is the last week to withdraw from a 
course without penalty.  The final interviews were conducted during finals week.  In 
order to limit the amount of interference to the students’ routine, the students were 
pulled out of the class on their designated lab day (so not to miss any direct 
instruction) and met with the researcher in his office.  The questions used in the 
interviews were mostly open-ended in order to promote a free-flowing discussion 
and protect against researcher bias, specifically to guard against the researcher 
enticing conclusions based on the interviewees efficacy results and preconceived 





responses designed solely to please the interviewer (Yin, 2009).  This series of 
interview questions was designed specifically to gather continuous data that 
measured the students’; beliefs on whether or not people are born “good at math”, 
perceived helpfulness of a modularized mathematics course, and expected 
performance in the course.  The students were asked to quantify their response 
using a Likert-type scale of one-to-five with one being Not Helpful/Fail to Meet 
Expectations and five being Most Helpful/Exceeded Expectations.  A list of all the 




The research used the proprietary software developed by Pearson called 
StatCrunch.  The software was made available to the researcher through the use of 
the technology MyMathLab for the modular intermediate algebra curriculum.  In 
addition, a laptop computer for writing, storing data, and accessing the web was 
used.  A digital voice recorder was used for the interviews.   
In order to answer research question one, at the start of the course, the thirty 
students selected to participate in the study completed an efficacy survey published 
by MindGarden.  The survey was administered online through the Canvas platform.  
Once the students completed the course, successfully or unsuccessfully, they took 
the same exact survey.  The Mathematics Self-Efficacy Scale (MSES) survey is 
designed to be administered to subjects having 10 possible response options, that is 





MSES yields three scores, a score for Mathematics Task Self-Efficacy, Math-Related 
School Subjects Self-Efficacy, and a Total Mathematics Self-Efficacy Score.  The score 
for Mathematics Task Self-Efficacy is obtained by summing the response numbers 
given to each of the 18 items in the scale and dividing that sum by 18, to derive an 
average score. The score for Math-Related School Subjects Self-Efficacy is obtained 
by summing the response numbers given to each of the 16 items on this part of the 
scale and again dividing that sum by 16, to derive an average score. The total score 
is the sum of all 34 items in the scale divided by 34 to get the average. If the 
examinee failed to respond to one, two, or three items, simply sum the responses to 
the items that were completed and divide by the number that were completed (Betz 
& Hackett, 1993).   
Due to constraints on the researcher's access to student information he only 
received the scores of the survey results and no other demographic information was 
provided at the time.   A more complex statistical test, using information such as 
gender, age, time on each question and time to complete the entire survey was 
desired.  Ultimately, it was determined that a paired t-test for each of the three 
subset scores would be sufficient in order to answer the question if there exists a 
significant difference between student confidence at the beginning of the modular 









Upon completing the hypothesis test for each of the subset scores, Cohen’s d 
was calculated as an appropriate effect size to indicate how much of an effect the 
course had on efficacy scores.  For this a pooled sampling method was used in order 
to reflect the more typical standard deviation using both before and after sample 
sets. According to Cohen (1992), the effect size is low if the value of r varies 
between .1 to .3, medium between .3 and .5, and large if r is greater than .5.   
In order to answer research question two, six students were interviewed and 
asked to answer the free response open-ended questions.  The interviews were 
audio recorded and conducted a total of three times during the semester.  The 
researcher used a categorization process to structure the student responses to the 
research questions; thereby initiating data analysis with the aligning of data to the 
specific research questions.   Every student response was then assigned a code and 
notes were added by the researcher in order to seize the moment and preserve 
ideas and suggestions for further review (Merriam & Tisdell, 2016).  Once all of the 
data had been coded the data analysis was refined by assigning categories to 
student responses through inductive and deductive reasoning (Merriam, 1988).  
The researcher compared the codes looking for regularities and patterns for each 
interviewee and determined the categories for student response as follows: strong 
affirmative, affirmative, wavering, negative, strong negative.  A description of the 
category themes can be seen in Appendix E.  Once the categories were determined, 
the data were reviewed again to identify data relevant to the research questions that 
aligned with the categories (Shkedi, 2005).  This information shaped several time-





from one interview to the next.  These time-series charts, in conjunction with the 
results of the paired t-tests ultimately answered the research questions, which led 
to the conclusion of the study.   At the conclusion of this case study is a descriptive 
and interpretive analysis of the impact of a modularized curriculum on a student’s 
efficacy and success throughout an introductory level mathematics course.   
 
Reliability and Validity 
The concepts of reliability and validity in a mixed methods research project 
represent the possibility the researcher’s conclusions could be wrong, and a 
different proposition justifies the outcomes of the research.  To safeguard against 
this potential error, multiple and sufficient sources of evidence should be collected 
that would make an alternative reason improbable (Maxwell, 2005; Yin 2009).  This 
study addressed any problems of reliability and validity as follows. 
The survey instrument administered by MindGarden, is a revised version of 
the Mathematics Self-Efficacy Scale, originally developed by Betz and Hackett in 
1983.  According to Betz and Hackett (1993), ten years of research has provided 
solid evidence for the reliability (coefficient alpha) and validity of all three sections 
of the MSES, so in the interests of ease and simplicity it was decided to retain only 
the Math Tasks and Math Problems subscales in the current published version (Betz 
and Hackett, 1993).  There is extensive evidence for the validity of the MSES (Betz & 
Hackett, 1983; Hackett, 1985).  For example, students' math self-efficacy 
contributed significantly to the degree to which students selected science-based 





significantly contributed to perceived math-related versus non-math-related career 
options (Post-Kammer & Smith, 1986); and college women reported lower self-
efficacy in male-dominated occupations than in female-dominated occupations to 
the extent that they were low in math self-efficacy (Matsui, Ikeda, & Ohnishi, 1989). 
Hackett and Betz (1989) reported that math self-efficacy was the major predictor of 
college major choice even when math achievement was included in the regression 
equation. Math self-efficacy scores have been found to be strong predictors of math 
performance (e.g., Siegel, Galassi, & Ware, 1985; Wettstein, 1988).  
 With regards to the validity of the interview data, special attention was paid 
in order to provide sufficient evidence supporting the interview data provided by 
the students, and the conclusions of the researcher.  According to Maxwell (2005), 
risks in validity come from two major areas, the researcher bias and reflexivity.   
Researcher bias is regularly a central part of a qualitative study.   Simply because the 
researcher has an idea of the process and elects to conduct research that warrants 
support to the hypothesis.  The primary threat to a study’s validity due to researcher 
bias is when the researcher draws the preferred conclusion from the data excluding 
alternative explanations that could appear in the data, or worse yet, the researcher 
leads the interviewees to the desired conclusion through interview protocols.  
Reflexivity is a threat to a study’s validity due to the interviewees’ responses 
influenced in some way by the presence of the researcher.  Specifically, those 
instances when the interviewees provide desired responses by the researcher that 
support his or her hypothesis when in fact the interviewee may not actually hold 





The interview protocol was carefully assembled to avoid leading or self-
serving questions.  The interviews, conducted on three different occasions, provided 
ample time with the interviewees that addressed immediate conclusions and the 
threat of reflexivity, and provided broad and productive data collecting (Glesne, 
2011).  The recording and subsequent transcription of the interviews provide the 
necessary documentation of the results.  Combined with the level of longitudinal 
data acquired these approaches afforded an extensive level of evidence that 
supported the hypothesis.   
To check the objectivity of the categories assigned to the interview 
responses, the researcher requested the opinions of two colleagues.  Each was given 
a copy of the interview transcripts and asked to assign categories to the student 
responses.  The researcher then compared the categories assigned by him and his 
colleagues and learned that they assigned either a similar or exact same category to 
91% of the student responses.  In some instances when the anyone assigned 
“wavering” to a student response either the researcher or his colleagues assigned a 
“negative” or “positive” category and vice versa.    
Lastly, due to the researcher’s membership in a statewide mathematics 
association he was granted access to data on student achievement that assisted in 
supplying convincing evidence in support of the initial findings and conclusions (  
(Ngo & Melguizo, 2016).  In addition to existing as the primary interviewer, the 
researcher also served as a classroom observer of students in the traditional 
mathematics courses as well as in the modular mathematics courses.  During those 





discussions, and group question and answer encounters.  The researcher found that, 
in those experiences, the students for the most part ignored the presence of the 
researcher in the class. It appeared that the effects of reflexivity in the interviews 
were negligible due to the frankness and range of the responses.  
 
Limitations 
There are limitations to the use of a case study, primarily that the data 
cannot necessarily be generalized to a wider population.  Although the results of a 
case study can be rich and descriptive, the time, or in some cases the money needed 
may be limited.  In other instances, the final product might be so extensive and 
exhaustive that its findings are not ready for use.  In addition, these types of 
qualitative studies are limited by the feelings and integrity of the researcher.  Many 
would-be researchers may not have access to the training in observing, 
interviewing, data collection, and writing a final report.  This limitation is addressed 
in this research design by the researcher’s four years of education specifically 
centered on educational case studies.  To guard against any bias, the interviewees 
were selected using a predetermined method by instructors not directly involved in 
the study.  The questions asked during the interviews were prescribed and the 
researcher did not deviate from the list of questions and only asked the students to 
answer the questions as asked and nothing more.  Only during one of the interviews 
did the researcher deviate slightly and ask a question not on the list; this did not 
appear to have a negative impact on the reliability of the responses.  The researcher, 





curriculum and guarded against ignoring potential pitfalls.  A few minor reflexivity 
biases were presumed by the researcher during components of the student 
interviews but were judged to not have resulted in responses different from what 
the student may have provided otherwise.  Each interview question provoked a 
verbal response.  For certain questions interviewees also provided a Likert-scale 
rating score. 
The sample of students interviewed was limited to six for practical reasons 
related to natural time constraints placed on both the researcher and the students.  
The sample of students interviewed was not completely randomized.  Although the 
instructors were requested to select one student from their class at random, they 
were first given a criterion prior to selecting.  Instructors were directed to separate 
their classes into three groups of students: Not yet attempted Module 1 Pretest, 
unsuccessfully attempted Module 1 Post-test, and successfully completed Module 1 
Pretest.  Then they were instructed to provide the researcher the name of one 
student from each group and those students were called for an interview until the 








As discussed in Chapter Three, data for this study consist of self-efficacy 
survey responses and interview responses of students currently enrolled in a 
modular introductory level mathematics course.  The purpose of this study is to 
identify the effects of enrolling every incoming freshman requiring remediation in a 
modular introductory college-level course that includes embedded support in the 
form of extra class time to work with the instructor and tutors.  The study’s research 
questions are: 
1. Is there a significant difference between student confidence at the 
beginning of the modular course and student confidence at the end? 
2. What do the interviews reveal about student confidence while 
progressing through the modular introductory level course? 
Research Question 1 
The MSES (Mathematics Self-Efficacy Scale) scores were sorted into three 
categories:  Mathematics Task Self-Efficacy, Math-Related School Subjects Self-
Efficacy and Total Mathematics Self-Efficacy.  A paired t-test was conducted on the 
related data for each of the categories seeking for any significant differences 
between student confidence at the beginning of the modular course and student 
confidence at the end.  Given the hypothesis 𝜇𝜇𝑑𝑑 = 0  with an alternative hypothesis 






Mathematics Task Self-Efficacy 
Strong evidence (𝑡𝑡 = 3.94 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝 = .0005) suggests, from a statistical 
significance standpoint, that student confidence on mathematics tasks did improve.  
According to the findings, student efficacy scores regarding math related tasks (on a 
0-9 scale) increased on average by approximately .18 points.  It is possible by taking 
other samples that we find a mean paired difference in student confidence scores 
different from .18.   The value for Cohen’s d (effect size) was found to be . 205 which 
means the before and after scores differ by .2 standard deviations.  According to 
Cohen (1988) a d near 0.2 is a small effect. 
In Figure 3 the diagonal line represents the identity line, any marker below 
the line indicates a student whose efficacy score decreased after taking the course.  
A marker above the line indicates a student whose efficacy score increased.  For this 
data, a majority of the students experienced an increase in their efficacy scores, 
which indicates despite the course’s effectiveness in improving student efficacy on 
mathematics tasks, the effect was small. 
Additionally, a 95% confidence interval was constructed and found the mean 
difference to range from 0.0882 to .2784.  Thus, confirming, that we are 95% 
confident that the true value for the difference in student confidence scores does not 
include zero and therefore reject the hypothesis that the mathematics task self-






Figure 3. Mathematics Task Self-Efficacy Scores 
 
Math-Related School Subjects Self-Efficacy 
Evidence (𝑡𝑡 = 2.24 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝 < .033) suggests that student confidence on math-
related school subjects improved.  Student self-efficacy scores increased on average 
by approximately .14 points.  It is important to note that after taking other samples, 
we may find a mean paired difference in student efficacy scores differing from .14.  
The value for Cohen’s d was found to be . 118 which means the before and after 
scores differ by about .1 standard deviations.  According to Cohen (1988) a d near 




































In Figure 4 the diagonal line represents the identity line, any marker below 
the line indicates a student whose efficacy score decreased after taking the course.  
A marker above the line indicates a student whose efficacy score increased.  For this 
data, all 30 students experienced an average increase in their efficacy scores, which 
indicates despite the courses effectiveness in improving student efficacy on 
mathematics-related school subjects it was a small effect. 





















A 95% confidence interval was constructed and found the mean difference to 
range from .0124 to .2735.  So, it confirms that we are 95% confident that the true 
value for the difference in student confidence scores does not include zero and 
therefore we can reject the hypothesis that the math-related school subjects’ self-
efficacy scores went unchanged. 
 
Total Mathematics Self-Efficacy 
Lastly, strong evidence (𝑡𝑡 = 4.46 𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝 = .0001) suggests that there was an 
overall increase in student confidence concerning both mathematics tasks and 
math-related school subjects.  In total, student self-efficacy scores increased on 
average by approximately .1631 points.  Again, it is noted that after taking other 
samples it may be possible to find a mean paired difference in student efficacy 
scores that differs from .1631.   The value for Cohen’s d (effect size) was found to be 
. 183 which means the before and after total scores differ by .2 standard deviations.  
According to Cohen (1988) a d near 0.2 is a small effect. 
 In Figure 5 the diagonal line represents the identity line, any marker below 
the line indicates a student whose efficacy score decreased after taking the course.  
A marker above the line indicates a student whose efficacy score increased.  For this 
data, all 30 students experienced an increase in their efficacy scores, which despite 


































A 95% confidence interval was constructed and found the mean difference to 
range from .0873 to .2390.  Thus again, this is confirmation that we are 95% 
confident that the true value for the difference in student confidence scores does not 
include zero and therefore we can reject the hypothesis that student confidence 
scores in both math-related subjects and mathematics tasks did not change from the 
























Interviewee Quantitative Results 
In this section the researcher introduces the quantitative results for the six 
participants interviewed for the study in order to provide a sense of whether the 
modular course had a varying effect on the students amongst the different tiered 
levels of progress prior to their initial interview.  As detailed in Chapter 3 the tiers 
were determined by the students’ performance on Module 1. In Figure 6 the results 
for the six interviewees are highlighted according to the level tier as described in the 
figure. 













According to these findings, while the students in high tier display the largest 





increase.  It is interesting to note that one of the students in the middle tier that 
attempted the posttest but failed it, showed a decrease in efficacy scores.  This 
peaked the researcher’s curiosity to wonder if there is a relationship between all 30 
students’ efficacy scores and how soon they successfully completed module 1.  
Perhaps the interviews effected these six students’ final survey results. 
 
Interpretations 
Research question one sought out to determine if there exists a significant 
difference in student confidence before versus after completing the modular 
mathematics course.  The findings indicated there is very strong evidence to suggest 
a difference in student confidence.  The results showed an overall increase in 
student confidence on both mathematics tasks and math-related school subjects.  In 
total, student self-efficacy scores increased on average by approximately .16 points.  
It should be noted that the average score after completion of the course was a 4.4 
out 9.  This shows that while student confidence did increase from before the course 
to after completion, the students still had a below average level of mathematics self-
efficacy.  However, the students enrolled in the course had such significantly low 
self-efficacy to begin with it that it would require more than just one semester of 
one modular based course to impact student confidence to the degree that they have 







Research Question 2 
The interview protocols can be reviewed Appendix B - D.  Initial (IIQ), 
Follow-Up (FUIQ), and Final (FIQ) Interviews for each student were conducted on 
or about the same days for all six students.  The timeline and expected Module 
benchmark for when the interviews were conducted is as follows:  
Initial: at approximately 7.5 contact hours; Module 1 Pretest completed 
Follow-Up: at approximately 30 contact hours; Module 3 Post-test completed 
Final: after 60 contact hours; Final Exam completed 
 
Student Excerpts from the Interviews 
The student excerpts used throughout this chapter are from transcriptions of 
the interview recordings.  The excerpts are presented with a high level of integrity 
to the actual words spoken in the interviews and at times are paraphrased for 
clarity as well as to preserve the anonymity of each of the interviewees.  The student 
excerpts are intended to reveal the student’s perceptions of the modular 
mathematics program and their level of confidence as they progress through the 
course.  The abbreviations for the interviewer’s name (SM) are used as well as for 









Coding Student Responses 
A categorization process was used to structure the student responses to the 
research questions; thereby initiating data analysis with the aligning of data to the 
specific research questions.   Once all of the data had been coded the data analysis 
was refined by assigning categories to student responses through inductive and 
deductive reasoning (Merriam, 1988).  The researcher compared the codes looking 
for regularities and patterns for each interviewee and determined the categories for 
student response as follows: strong affirmative, affirmative, wavering, negative, 
strong negative.  A copy of the interview transcripts was reviewed by two colleagues 
prior to moving forward using the categories assigned to student responses.  A 
description of the category themes can be seen in Appendix E.  The coding data for 
the student responses were sorted by question and mapped through stage of the 
interview process and then graphed. Research question two attempted to measure 
student confidence as they progressed through the course.  Six students were 
selected at the beginning of the semester and interviewed at three different times 
over the course of the entire semester. The following is a detailed account of each 
students’ responses to the questions as they progressed through the course 
(including graphs).  In order to ascertain changes in students’ beliefs (if any) several 









Interview Question 1 
Figure 7 shows the coded responses for question 1 of the interview protocol 
of the initial, follow-up, and final interviews of each student:  
(D)o you agree/disagree with the statement that people are born “good at math”? 
Figure 7.  Interview Question 1 Responses 
There was an even split to this question with three students initially agreeing 
that in some capacity people can be born “good at math” and three disagreeing.   
Two-thirds of the students interviewed essentially maintained their stance 
throughout the course.   One student who initially gave negative responses that 
would indicate disagreement with the statement gave a response that was coded as 






IIQ1 “No, people still need to learn (mathematics) but some people learn it 
faster than others because they like it and therefore are better”.   
FIQ1 “No (my feelings) have not changed, I was always pretty good at math 
in school.” 
One student’s interview response throughout the course is most interesting 
to the researcher.  During her initial interview in responding to the first question, 
she stated “Yes, I completely agree people are born with the ability to be better at 
math than others.  I am one of those that was not”.  In her follow up interview she 
said, “(My feeling) has not really changed you’re either a math person or you are 
not.  Her response in the final interview appeared to have a different tone than her 
previous responses.  She indicated her feeling had not changed, specifically that 
“you’re either good at math or you’re not”.  However, she finishes by saying “math 
practice only helps me do (well) for now; I am just going to forget everything”.  It is 
her assertion that math practice helps her do well now that seems to be contrary to 
her stating previously that she is “not a math person” and she has never done well, 
nor will any amount practice help her.   Overall, the student responses seem to 
indicate that students’ feelings on whether or not a person is born “good” at 








Interview Question 2 
Figure 8 shows the coded responses for question 2 of the interview protocol 
for the initial, follow-up, and final interviews of each student:  
(D)o you agree/disagree with the statement that people can be “good at math” with 
hard work and practice? 
Figure 8. Interview Question 2 Responses 
Over the course of the interviews the feelings of all but one student with 
regards to whether or not a person could be good at math with practice did not 
change.  In general, those that gave affirmative or negative responses initially, 
provided similar responses at the end.  One student’s initial response to the 
question indicated some uncertainty on the idea that practice can make someone 





a lot, I can get better, but I don’t enjoy doing math so practicing it is not enjoyable in 
the same way that I enjoy soccer practice even though it is really tough.  “I guess if 
someone works really, really hard and the math was the only work we had to do 
then it’s possible someone can (improve).”  Two other final responses are worth 
nothing:  
“This class proves (practice makes perfect)!” 
“I think there are people that are just good at and get better with practice.  
But I know I wasn’t good at all and I got good the more I practiced.”  
 
Interview Question 3 
Figure 9 shows the coded responses for question 3 the interview protocol of 
the initial, follow-up, and final interviews of each student. 
What is your current understanding of a modular course (now)? -> Based on your 
current understanding of a modular course, how would you advise a classmate 
deciding between the modularized mathematics courses vs. a traditional one? 
None of the students during their initial interview provided any affirmative 
responses regarding their understanding of a modularized course.  In fact, most of 
the students had no real experience to draw upon and could only give inferences 







Figure 9. Interview Question 3 Responses 
 “I don’t know much other than what we were told in the syllabus, that it is go 
at your own pace.” 
“No, I don’t have any experience with it.  I don’t know much except that all 
the work is done online.”  
 “Does (modular) mean I will be allowed to finish different sections faster 
(because) they are easier?”   
“No, I never even heard of a modular course.  How come we have to do some 
much homework?  I did not know it was mandatory and not doing it meant I can’t 
take the Pre-test.”    
Meanwhile the other students, not only had previous experience with 
courses that shared characteristics of this current course but responded negatively 





“I took a math course at (local community college) that was all online and we 
did things at our own pace.  I failed because I had to learn everything on my own; no 
one taught me anything.  They made us download this program and we had to do all 
our work on a computer at home or in the school’s computer lab without a real 
teacher.   It was awful and I hated it.” 
“I took a class that (was described) as a modular mathematics course at a 
different school but this class looks different.  I did not do well in that class.” 
Clearly having a good understanding of a course is different than 
recommending that course to others, but in the present situation, all the 
interviewees provided responses that were overwhelming affirmative and indicated 
based on the students understanding of the course they felt confident enough to 
recommend the course to their classmates.  So, for ease of comprehension, it felt 
appropriate to group these ideas together. 
“I was actually just talking to my friend about this yesterday and told him to 
register for it.” 
“If someone asks me which class to take I would def tell them to take this 
one.” 
“I already told my friend to drop the class (traditional) he was in and add this 
one.” 
“I would tell my friend to take the modular course because it is not as hard as 
taking a regular course.” 
“Heck yeah, I would highly recommend (other classmates) to take this style 





It seems the students’ understanding of a modularized course changed from 
start to finish, showing a positive increase in their confidence, at least as it pertained 
to recommending which class their classmate/friend should enroll in the 
subsequent semester. 
 
Interview Question 4 
Figure 10 shows the coded responses for question 4 (initial/follow-up) and 
question 3 (final) of the interview protocol:  Using a scale of 1 – 5 with one being 
Fail(ed) to Meet Expectations and five being Exceed(ed) Expectations, rate on 
whether this course Fail(ed)/Exceed(ed) your expectations. 

















The majority of the students interviewed had never taken a modular based 
mathematics course prior and did not really know what to expect.  Initially their 
answers reflected more their experience in previous mathematics courses than 
what they anticipated from this course and therefore revealed low expectations.   
“I am not going to do well; this is such a waste”. 
“I expect to do better than I did (last time) but that is not saying much”    
“So far there is more work to do than other classes I took, and it is so hard to 
keep up.  I wish I knew it would be like this before I registered.  No, I don’t think I 
can pass because there is so much…but I don’t have a choice now because it’s too 
late to withdraw.”    
“I don’t know, I failed math already twice here but this (class) is not at all like 
the one I failed,1…” 
“I expect this to be like any other math class except that this one everything 
is online which at first, I didn’t like because I never had to do math work on the 
computer before so I was nervous until we were told that we would be able to work 
at our own pace and only had to take the tests when we were ready.”  
However, as they progressed through, they began to see that this course was 
in fact different and therefore their responses began to change.  Some students 
indicating a dissatisfaction with the amount of work required to progress while at 
the same time overlooking the fact they are learning and successfully progressing.   
“I hate that I have to redo (objectives) if I get less than a 70 on Post-test and 
                                                        
1 This occurred prior to eliminating remedial courses and implementing the modularized curriculum 





it takes a long time for me to get to the next module.” 
“I got A’s on every test so far.  I didn’t expect to be doing that (well)”. 
“This is a lot more work than I expected (but) I feel like I am understanding 
(the math) better”.  It definitely exceeded what I expected so (far).” 
“I did not think I would even make it past the first module but Modules 2 and 
3 were much easier” 
“I did not expect all this work.  I have to spend so much time online 
(mastering objectives) but I am passing the tests”. 
Finally, at the end of the course every students’ responses were affirmative in 
nature and spoke with appreciation that the course was exceeding their 
expectations.  
“I am actually doing much better than I thought, but I don’t think I will do too 
well on the final” 
“I can’t believe how well I am doing, thank God we (had) all that time during 
class to work online.” 
“This class exceeded my expectations and the way it was constructed made a 
huge difference for me.  I wish all my classes were taught like this.” 
“I did not expect much from this class and not do well at all, but I was wrong.” 







Interview Question 5 
Figure 11 shows the coded responses for question 5 the interview protocol of 
the initial, follow-up, and final interviews of each student. 
How helpful (will be) was the modular curriculum towards your success in 
this course? 
Figure 11. Interview Question 5 Responses 
All but one student interviewed initially believed the modular model would 
be helpful for their success in the course.   
“Our tutor in the class is helpful and I think I would have done better in the 
other classes if they had one”    
 “I don’t really know how helpful it will be for me but you explained it well so 





“I don’t know, I haven’t done enough yet to say but that is because it feels like 
too much work which I don’t think it very helpful.    
“So far, all the self-paced stuff is really helpful especially the videos and the 
study plan.” 
By the second interview two-thirds of the students had rated the helpfulness 
of the curriculum at a 3 or above.  Here are a few of those responses: 
“Very helpful.” 
“I give it a 4 this time too, because I really like that I can work at my own pace 
because the topics I was good at I was able to move through faster but when I did 
not understand (the problems) I could slow down and the program gave me more 
practice, which was helpful”   
“(This course) is not what I expected at all, but not it a bad way.  It is 
awesome that I (rarely) have to come to (the lectures) because everything is 
online.” 
A few of the students felt the quantity of the work required for the course 
was significantly more than they had experienced before but appreciated the class 
time dedicated to completing objectives. 
“The practice definitely helped (but) we had to do too much work”  
The (MyMathLab) program helps because there is a lot of practice and I am 
at the (tutoring center) a lot but when I can’t meet with a tutor and have to do the 
work on my own, I still don’t get it.   
“Doing everything online helps (and) so does getting to work on (homework) 





“The (online) program is so helpful so I would say a 4 too.  But I really hate 
having to do so much work every week”. 
Despite expressing those concerns, ultimately the students agreed that their 
success in the course was directly related to the time they were required to spend in 
order to complete the modules.  The time every week dedicated to working in the 
lab with their instructor and a tutor came up several times as a reason the model 
was helpful to them. 
“I really don’t like math but the online videos and the (learning aids) help me 
stay ahead when I had to miss class for soccer games.  It’s really been so easy for me 
with all the online stuff and tutors.”  
“The study plan was the most important part for me and also having the 
tutors in the class really helped.  I give a 4 for overall helpfulness.”   
“I started to get the hang of how to complete the objectives quicker and do 
better on the tests. 
“Five, I definitely say a five for helpfulness.  
“I give a five because I got to work on the modules at school in the lab with a 
tutor there.  That was great because I was ahead, and I could ask them questions to 
stuff the class did not learn yet.” 
Interview Question 6 
Figure 12 shows the coded responses for question 6 (initial/follow-up) and 
question 5 (final) of the interview protocol: 






Figure 12. Interview Question 6 Responses 
Initially there was a definitive split between the interviewees on their 
expected performance in the class.  Some of them expected to fail or just barely pass 
while other expected to do well. 
“I’m gonna fail”, but maybe I’ll get a D.”    “I think I can get a B using the 
program helps me.”  
“I just need a D to pass this course so I can graduate; that is all I care about.” 
“Well, I bombed the pretest, but I think I can still get a decent grade of a C or 
maybe a C+”.   
“I’m really worried now that I will fail but I just need a D get credit.” 
“If the whole course is like this then I will do really well, like an A- or B+.  So, 





During the follow-up interviews all but one of the students seemed to be 
gaining confidence in their ability to succeed because of the resources available to 
them.  
“I’m gonna play it safe, but I think I am definitely getting at least a C.” 
One of the students expressed feelings of skepticism because of how well he 
was doing compared to how he did in the semester before.  Those feelings were 
vocalized in the form of a question: “How (much more) difficult does the math get 
towards the end?” “Last semester I could not do this stuff”.   It was explained to him 
that the content would be more rigorous in some areas; however, he should be 
confident in that if he continues to work daily on the objectives as diligently as he 
had been done thus far then he will be successful. 
The following is an exchange been the researcher and a student after asking 
the interview question: 
Student: “I don’t know.  Do you think I can get at least a C?” 
Researcher:  At the current pace you are working and based on your grades 
so far, I believe if you keep this up you could even earn better than a C.  
Student: “Seriously, that would be awesome.” 
At the final interview all but the same one student gave responses of 
affirmation for their grade and believed they would finish the course with a better 
grade than they initially anticipated.  
“I never thought that I would have a chance to earn a B but after I got through 






“Now that (the class) is almost over, I think I just need a 75 on the final, to 
earn a B- overall.  All that work we had to do was worth it.”  
“Is it wrong to say I think I will get an A?” 
“I don’t care what actual my final grade will because I know I will pass the 
class.  You have no idea how happy I am to get this credit done.” 
Every student interviewed either finished with a grade at or above what they 
expected at the start of the course.  The researcher interprets that one reason for the 
result is that there are some students have a low self-confidence with mathematics 
and therefore anticipate low performance.  Additionally, the course required 
students to do so much work for every module that content retention levels from 
class to class and throughout the whole semester stayed consistently high. 
 
Results Summary 
This chapter presented results from the study that provided evidence 
showing the elimination of the remedial mathematics course and implementation of 
a modularized course had a strong positive impact on overall student confidence in 
mathematics.  The study revealed an increase in student efficacy in response 
questions surrounding Mathematics Tasks and Math-Related School Subjects.  In a 
few cases where a student’s confidence scores decreased it was directly correlated 
to the student not completing work in the course and not utilizing the resources 







There were instances where student confidence scores did not increase due 
to the student having already high confidence, but one of those students had been 
interviewed and revealed that the course helped them do even better than they had 
initially expected.  
The student interviews supported the findings from the MindGarden efficacy 
survey results and provided rich insight into the benefits of a modularized 
curriculum.   The pedagogy used in this course had a clear positive impact on each of 
the six interviewees.  While most of the students interviewed believed to some 
extent that people can be born “good at math”, by the end of the course all the 
students agreed; with the amount of hard work required that anyone can be “good 
at math”.  The interview responses also revealed that throughout the course the 
students who remained fully engaged and on task progressed through the course 
successfully and relatively on schedule, and in one case ahead of schedule.  Included 










SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
 
Summary 
Educators are unable to agree upon the percentage of students requiring 
mathematics remediation; however, a special report from the National Center for 
Public Policy and Higher Education and Southern Regional Education Board claims 
that over 60% of incoming freshman require remedial mathematics instruction 
(Attewell, Lavin, Domina, & Levey, 2006; NCPPHE and SREB, 2010).   It has become 
increasingly clear that a large number of graduating seniors are not prepared for an 
introductory college mathematics course.  While education reforms like the 
Common Core attempt to provide a remedy at the elementary and secondary level, 
the problem still remains of what to do with the large number of students seeking a 
college degree who are not ready to face the challenges of completing their degree 
program, specifically with regards to mathematics.   
This study sought to better understand the effects of enrolling every 
incoming freshman requiring mathematics remediation in a modular introductory 
college-level course that included embedded support in the form of extra class time 
to work with the instructor and tutors.  The literature review revealed the lack of 
success in remedial mathematics and consequently college-level mathematics is a 






 The stigma attached to being enrolled in remedial courses, the ungratifying 
tuition expense of enrolling, the inadequate classroom support, and a myriad of 
other negative factors are all motivation for a complete change to how mathematics 
courses are managed at the early stages of a student’s college career.   
More specifically, this study was conducted to gain an understanding of the 
impact of implementing a modularized mathematics course on a student’s 
mathematics efficacy.  The application of remedial mathematics reform, the 
influence of psychological dimensions, the knowledge of past and current issues in 
mathematics education at the introductory college level, the understanding of 
proposed solutions to the current problems, and the role of technology as a support 
tool all have an influence over the implementation of a modularized mathematics 
curriculum that eliminates remedial level courses.   
This study was structured to reveal insight into how a successful 
implementation of a modularized introductory mathematics course that 
systematically addressed the psychological needs of students contributed to an 
increase in students’ mathematics self-efficacy.  It strived to add to the current 
literature on remedial mathematics reform, specifically at the college level, and to 
submit an answer to how and why this model worked from a mathematics efficacy 
standpoint. 
The subjects of the study were selected from students at a university where 
the traditional introductory mathematics course and its prerequisite remedial 
mathematics course were replaced with a modular introductory mathematics. Of the 





this study.  For the purpose of conducting interviews, six of the 30 students were 
selected.  In order to answer the research questions, participants, at the start of 
semester, completed an efficacy survey.  The survey was administered online 
through the developer, MindGarden. Upon completion of the course, participants 
took the same survey, and a paired t-test was conducted to compare the before and 
after responses.  In addition, six students were interviewed at three distinct points 
during the course and their responses were audio recorded.   
 
Conclusions 
Research Question 1 
Is there a significant difference between student confidence at the beginning 
of the modular course and student confidence at the end? 
Research question 1 sought to determine if there exists a significant 
difference in student confidence before versus after completing the modular 
mathematics course.  This study provided supporting evidence that the elimination 
of the remedial mathematics course and implementation of a modularized course 
had a positive impact on overall student confidence in mathematics.  The study 
revealed an increase in student efficacy in response questions surrounding 
Mathematics Tasks and Math-Related School Subjects.  In a few cases where a 
student’s confidence scores decreased it was directly correlated to the student not 
completing work in the course and not utilizing the resources provided.  There were 
instances where student confidence scores did not increase due to a student having 





initially expected.  The overall increase in student confidence on both mathematics 
tasks and math-related school subjects, leads one to conclude that a students’ 
overall mathematics self-efficacy scores improved.  The student responses to 
questions in their final interviews suggest a reason for the increase in student 
confidence was due to the overall success the students had while completing the 
course.   
 
Research Question 2 
What do the interviews reveal about student confidence while progressing 
through the modular introductory level course? 
Research question 2 sought to reveal if student beliefs and opinions about 
learning mathematics were impacted while students progressed through the course.  
Student responses in the interviews provided supporting evidence that the 
elimination of the remedial mathematics course and implementation of a 
modularized course had a positive impact on student opinions on mathematics 
learning abilities and beliefs about the effect of mathematics curriculum on student 
success in an introductory level mathematics course.   
 
Nature vs. nurture.  Opinions differ over whether some people are born with 
a natural mathematics aptitude and others are not.  The interview responses 
revealed an even split on this issue with 50% of the students agreeing, in some 
capacity, that people can be born “good at math” and 50% disagreeing.  Overall, the 





born good at mathematics were not impacted by the course.  However, one 
interesting revelation that arose was around the “practice makes perfect” idea.  By 
the end of the course, the final responses revealed all the interviewees believed that 
regardless of natural ability a student can be successful in an introductory 
mathematics course with enough practice and time despite their initial belief that no 
amount of practice would help some of them.  
 
Impact of modularized curriculum.  None of the students during their initial 
interview provided any affirmative responses regarding their understanding of a 
modularized course.  In fact, most of the students had no real experience to draw 
upon and could only give inferences based on the course description.  The interview 
responses from students suggest their understanding of a modularized course grew 
from start to finish, showing a positive impact in their confidence in recommending 
their classmate/friend enroll in the modularized mathematics course over the 
traditional model. 
The majority of the students interviewed had never taken a modular based 
mathematics course and did not really know what to expect.  Initially student 
responses reflected more on their experience in previous mathematics courses than 
what they anticipated from this course and therefore revealed low expectations.  
However, as they progressed through, they began to see that this course was in fact 
different and their expectations began to increase.  By the course end, all student 
responses were affirmative in nature and spoke with appreciation that the course 





student responses revealed a change in their opinions on how helpful the 
curriculum would be towards their success.  During their final interviews every 
student believed the modularization helped them succeed despite providing 
negative responses in earlier interviews.   The majority of the students felt the 
quantity of the work required for the course was significantly more than they had 
experienced before; however, they ultimately all agreed that their success in the 
course was directly related to the time they were required to spend in order to 
complete the modules.  In fact, the amount of time every week dedicated to working 
in the lab with their instructor was mentioned several times as a reason the model 
was helpful.   
 
Expectations vs. reality.  During their final interviews all but one student gave 
responses of affirmation regarding their grade and believed they would finish the 
course with a better grade than they initially anticipated.  As a matter of fact, at the 
time of their final interview every student either finished or was projected to 
complete the course with a grade at or above what they expected at the start of the 
course.  By comparing initial interview responses to the final interview responses 
one can hypothesize a reason for these improved results is that some students have 
a low self-confidence with mathematics and therefore anticipate low performance.  
Additionally, the course required students to do so much work for every module 
that content retention levels from class to class throughout the whole semester 












Eliminating the remedial mathematics courses and installing a modularized 
introductory mathematics course is correlated with a positive increase in total 
mathematics self-efficacy and increased the numbers of students completing at least 
one college level mathematics course.   Student interviews supported findings from 
the Self-Efficacy survey results and provided rich insight into the effects of a 
modularized curriculum.   The pedagogy used in this course appeared to have a 
positive impact on each of the six interviewees.  While most of the students 
interviewed believed to some extent that people can be born “good at math”, by the 
end of the course all the students agreed that with hard work that anyone can be 
“good at math”.  Interview responses also revealed that, throughout the course, 
students who remained fully engaged and on task progressed through the course 
successfully and relatively on schedule, and in one case ahead of schedule.   
Students’ interview responses suggest they attributed their increase in confidence 
to improvements in the mode of instruction compared to what they have been 
accustomed to in other courses.  For instance, some students claimed the availability 
to work on easier topics at home coupled with the opportunity to work on their 
module objectives during the lab with a tutor provided them the necessary support 
to navigate through the more challenging topics of the curriculum.  These findings 
indicate that any entering college student receiving an increase in instructor contact 
hours, embedded tutoring support, and a modularized curriculum could be 







The results of this study have implications for post-secondary mathematics 
departments throughout the United States, specifically for those concerned with the 
retention of students entering school needing mathematics remediation.  Due to the 
widespread problem of remedial mathematics, improvements in success and self-
efficacy, such as those found in this study, could translate into an increased number 
of attained degrees in higher education, as well as broaden a student’s future career 
options.  It has been well-documented that requiring students to enroll in non-credit 
bearing remedial mathematics courses is more detrimental to a student’s college 
goals than it is helpful.  This study attempted to relate its findings to the ongoing 
discussion of mathematics self-efficacy and how to increase student confidence.   In 
addition, it added to the literature on the problems of remedial mathematics 
education in higher education and possible solutions to the lack of student success 
and, consequently, decreased retention.  Remedial mathematics courses have 
ultimately failed to fulfill the task they were charged with completing: successfully 
preparing students to complete a college level mathematics course.  Between 40 and 
70 percent of incoming students at two-year and four-year institutions begin their 
college career needing remediation in mathematics.  Of those students, between 40 
and 50 percent do not complete the remedial mathematics requirements and 
consequently cannot graduate (Chen, 2016).  With innovations in technology, 
schools have access to better resources for supporting remedial students and should 






Mathematics educators can use the results here to construct a modularized 
model similar to the one in this study.  Doing so might result in lesson plans and 
activities better suited for work within the confines of modularized principles in 
order to raise the level of confidence of students.  Instructors can see if their 
teaching and classroom environment is conducive to helping students develop a 
healthy attitude towards mathematics (National Research Council, 2001).  As 
instructors evaluate and assess where their students are, and where their students 
are heading, in regards to mathematical understanding, they might be better able to 
adjust or refocus their teaching practices to specifically address the efficacy of their 
students in order to make them more productive.  Instructors can embed the video 
lectures of specific mathematical concepts using real-world contexts into the 
modular course to free up time in class (Brown et al., 1989) to use for directly 
supporting students with their mastering objectives assignments.  Students can be 
given opportunities, in the lab, to engage in real problem solving and productive 
struggle (NCTM, 2014).  By using class time, where the instructor and tutor are 
present, a modularized approach can ensure the students take the chance to prove 











Instructors and Department Chairs, working together and being selective on 
exactly what problems are on each exam, ensures that the summative assessments 
(Pre-Tests and Post-Tests) accurately reflect the knowledge and understanding the 
students should have gained in each module.  Additionally, faculty should work 
together to ensure the problems covered in the objectives lead to understanding, 
and not just a memorization of procedures from the online program, otherwise 
students could become dependent on guided practice, so that when given problems 
with no explicit instructions on how to solve them they do not know what to do, 
negatively impacting their confidence. 
It may not come as a surprise that the course environment introduced in this 
study proved to have a positive impact on students’ performances and their 
mathematics-related self-efficacy, considering the amount of research that supports 
the use of student-centered learning environments. What may be considered 
unexpected, however, is the degree to which the interactions between the students 
and the embedded tutors contributed to the learning process.  The specific 
contribution of the tutoring was not possible to evaluate in this study, but 
instructors should accept that the use of embedded tutoring supports learning.  
Additionally, cultivating future tutors from those considered the most successful 
students who completed the modular course, allowed for student peers to act as 
resources for each other.  None of the components built into a modularized course 
are best used independently.  Instead, all of them reinforced each other contributing 
to the positive results. Therefore, it is not a matter of which component of the 





them? Is it possible or even valuable to learn how to adapt them to a specific group 
of students? Thus, instructor awareness becomes a fundamental element for student 
success when, for instance, determining which environments are best suited for 
optimizing student learning. 
Department Chairs and Program Coordinators should also consider that a 
few students mentioned they really enjoy learning through lecture, thus alternative 
teaching styles should be explored, including engaging students in group work, or 
giving students opportunities in class to explore and delve into the mathematical 
concepts being taught.  The lessons learned from this study can be used to advance 
the knowledge about the use and function of mathematics courses with a 
modularized curriculum held in a computer lab.   
One of the limitations of this study was the number of participants. This was 
a conscious decision to have an adequate amount of time to conduct the student 
interviews.  Since the study provided evidence that the modular course produced 
positive results on the interviewees’ performances in the course content, and on the 
overall mathematics-related self-efficacy, it would be of interest to research how 
reliable these results are if the initial survey and interviews were to be administered 
on a larger scale. A study that included a larger number of students enrolled in a 
modular introductory mathematics course would be an appealing and valuable area 
of further research. The instructor’s mathematical knowledge plays an important 
part in the success of implementing a modularized mathematics curriculum 






A study into the implementation of a modularized curriculum in different 
subjects, using a similar assessment strategy, would be interesting from an 
interdisciplinary perspective. Such a design might indicate the importance of how a 
modularized course with embedded tutoring support operates with different 
subject matter, as well as the perception of the learning environment between 
students in different majors.  An investigation of how students actually use the 
different components of the modular course, could contribute to a better 
understanding of the processes in how the students learn. This could be 
accomplished by investigating what students really do.  For instance, when they 
attend lab sessions and utilize tutors, do they subsequently watch the lecture videos 
outside of class time?  In addition to student behaviors, student perception of their 
motivation and learning could also be explored.  Tina Seidel and Richard Shavelson 
(2007) highlight the importance of investigating the motivational affective and 
learning-process outcomes in addition to the cognitive outcomes.  
It would be worthwhile to extend this study towards exploring the 
differences between schools where introductory mathematics courses are 
modularized and schools using the traditional course design.  It would be helpful to 
the future of secondary mathematics education to investigate the impact school 
culture and support of colleagues influence the ongoing pursuit to increase 
mathematics efficacy and student retention.  Another idea is to examine more 







Ultimately, it is the students who benefit from any improvements to the 
mathematics instruction and assessment that result in the elimination of remedial 
mathematics courses.   
One theme that arose from this study was the persistency of students’ initial 
opinions about what makes someone successful in mathematics classes.  It is likely 
that students at the college level have gone through twelve years or more of 
schooling, and consequently solidified their opinion on “how someone is good at 
math”.  They have, perhaps, through experience, even developed a subconscious 
view of the perfect mathematics class.  If the modular intermediate algebra course 
aligned or even went beyond their preconceptions, they enjoyed it, and their 
confidence improved.  Conversely, it is conceivable that if the course did not align 
with their ideal math class, they would struggle to enjoy the class, and their 
confidence level would be more likely to drop.  Therefore it raises a question about 
whether or not students have already decided whether or not they are “good at 
math” and/or what makes a successful mathematics classroom by the time they 
enroll as a freshman.  Should primary school educators be proactive in order to 
positively affect a students’ mathematics self-efficacy?  Mathematics instructors 
could focus on the aspects of a mathematics that have the greatest potential to 
cultivate a healthy level of confidence in their students. 
Since this study was conducted at only one local private institution, other 
researchers attempting similar studies at other universities should see if the 
commonalities found among students there hold true among other populations of 





a good attempt to help improve student readiness by focusing on helping students 
remediate quickly, but effectively, by use of the tutors and time in the computer lab.   
However, the Mathematics Department, including the modular course designer, had 
a heavy influence over the standards requirements for the modular mathematics 
course. This made it so the modular course could not fully function in the intended 
manner, which plausibly confounded some of the results from the modular students.  
Future researchers need to see how completely redesigned modularized 
intermediate algebra courses, with little influence from traditional intermediate 
algebra courses, affect students’ mathematical efficacy, perhaps even looking at a 
modular intermediate algebra course that is not required to meet traditional 
intermediate algebra standards.   
This study did not look at correlations between student grades and their 
efficacy results. While research does suggest that self-efficacy is affected by 
students’ perceptions of their performance, good or poor (Schunk & Pajares, 2009), 
more studies should be conducted to determine how grades affect mathematics 
efficacy in general. Researchers might, perhaps, study which specific grades (i.e., 
homework, quizzes, exams, projects, and final grades) have the largest impact on 
students’ mathematics efficacy. Conceivably, results might help determine how to 
weight specific class grades in order to help the students to develop a healthy 
mathematics efficacy.  Further investigation and research can be done to determine 
the reasons that lead students to believe that some people are just born “good” at 






Studies could be conducted to reveal if gender or age have a correlation to 
these beliefs.  Similarly, one might explore the reasons that lead students to believe 
that, for some, no matter how hard they work they just will not understand 
mathematics.   
The length of time (one semester) of the study is a relatively short time 
period to improve students’ mathematical self-efficacy in a meaningful way. Thus, a 
longer time period engaging in context-based, modularized mathematics 
curriculums in subsequent courses might be better able to improve a students’ 
overall mathematical efficacy permanently. In fact, Bay, Beem, Reys, Papick, and 
Barnes (1999) found that students’ attitudes towards mathematics greatly 
improved during the second year of enrollment with a reformed curriculum. Thus, 
future research needs to explore if longer engagement in conceptual curriculums 
leads to more productive mathematical dispositions among students, and how long 
it would take to influence college students’ mathematical dispositions for the better.  
Students in the modular course may have had increases in their self-efficacy 
beliefs, and beliefs about perseverance leading to success, by fully engaging in a self-
paced curriculum focused on mastering a predetermined set of objectives.  While 
this course may have increased their confidence, it might be argued that these 
increases were not really leading to a productive mathematics self-efficacy, but 
simply led students to feel more efficacious about their abilities to solve 







Therefore, students might find it difficult to apply their knowledge and 
understanding to real-world applications within the bigger picture of the subject 
matter. This suggests that future case studies should look at distinguishing between 
sincere productive self-efficacy beliefs, beliefs about the value of perseverance, and 
beliefs that might develop more ostensibly.  
Problems when trying to measure students’ beliefs can and will arise in any 
case study. When conducting this study it was understood that relying solely on a 
questionnaire for results is insufficient; therefore, the survey was complemented 
with student interviews.  Even if a combination is used such as in this study, the 
focus of the interviews was not to clarify students’ answers to the items in the 
questionnaire, but rather on retrieving information about students’ experiences in 
the modular course. By explicitly focusing on students’ beliefs in the interviews, 
possible misunderstandings of the items asked in the questionnaire may have been 
overlooked.  
One feature of the research design that may have affected the quality of the 
results is the decision to make audio recordings, rather than video recordings. 
Although, in this study, legitimate reasons led to this decision, the absence of a 
visual context was a limitation when analyzing data relative to the behavior of 
participants.  For example, I did not dedicate focus on the student’s body language 
during the interviews and thus was unaware of any cues that were made non-
verbally.   Without a visual record of the interview to review I had no evidence of 






Although all students selected to participate in the study experienced the 
same mode of instruction and assessment, they were taught by different instructors. 
This is problematic, since different instructors may vary significantly in teaching 
proficiency. For instance, Rivkin, Hanushek, and Kain (2005) showed that students 
with an effective teacher can learn as much as other students with a less effective 
teacher, in a fourth of the time! For this study, it is not possible to exclude the 
possibility that differences in teacher proficiency had an influence on the 
students‘confidence.  Future studies should be conducted to learn how embedded 
tutoring can be used effectively and efficiently in a mathematical classroom. 
Future research needs to examine how students’ attitudes towards 
mathematics develop and change during their lives and determine the essential 
times for parents and educators to embolden the mathematics self-efficacy in their 
children and students. Previous research on students’ mathematics efficacy (Jansen, 
2012; Smith & Star, 2007) suggests these crucial times are significantly earlier in 
schooling rather than what is presently accepted.  In addition, how can we improve 
a students’ mathematics self-efficacy if they are so set in their beliefs about 
mathematics and what makes a person good at mathematics, by the time they enter 
an introductory college level mathematics course? Perhaps conducting experiments 
within the course, designed with specific intent to improve a students’ self-efficacy 








 Another implication for future research that arose from the particular 
aspects of this study was inferred from student responses regarding the degree of 
influence certain aspects of the course have on their mathematics efficacy. While my 
study did identify aspects that students mentioned as being helpful, this study did 
not look at the extent to which these aspects affect their confidence. Thus, future 
research needs to take the particular aspects of the modularized model that were 
frequently mentioned by students regarding their experiences, and study which of 
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Mathematics Self-Efficacy Scale Instrument Samples 
 
Part I: Everyday Math Tasks 
 
Please indicate how much confidence you have that you could successfully accomplish each of these tasks by circling the number 
according to the following 10-point confidence scale. 
 
No Confidence at all  Very little Confidence  Some Confidence   Much Confidence  Complete Confidence 
  0  1    2 3  4 5 6 7            8 9 
How much confidence do you have that you could successfully? 
 
1. Add two large numbers (e.g., 5379 






















2. Determine the amount of sales 































Part II: Math Courses 
 
Please rate the following college courses according to how much confidence you have that you could complete the course with a final 
grade of "A" or "B". Circle your answer according to the 10-point scale below: 
 
No Confidence at all  Very little Confidence  Some Confidence   Much Confidence  Complete Confidence 
  0  1    2 3  4 5 6 7            8 9 
 
19. Basic College Math ................. 0 1 2 3 4 5 6 7 8 9 
20. Economics............................... 0 1 2 3 4 5 6 7 8 9 







Interview Protocol: Initial 
 
IIQ1) It has been said that people are born “good at math” do you agree with that why or why not? 
 
IIQ2) It has been said that people can become “good at math” with hard work and practice do you 
agree with that why or why not? 
 
IIQ3) This course is modularized.  Do you have any experience with a modular course?  What is 
your current understanding of a modular course?  
 
IIQ4) Making the assumption that every student expects to at least pass a class.  What are your 
expectations for this modular course?  Do you believe your expectations will be met? Use a 
scale of one to five, with one being Fail to Meet Expectations and five being Exceed 
Expectations. 
 
IIQ5) Based on your understanding of a modularized mathematics course; how helpful would you 
say a modular curriculum will be towards your success in an introductory mathematics 
class. Use a scale of one to five, with one meaning Not Helpful to five meaning Most Helpful.   
 











Interview Protocol: Follow-Up 
 
FUIQ1) Last time we spoke you (agreed/disagreed) with the statement that people 
are born “good at math” has your response changed if so why? 
 
FUIQ2) Last time we spoke you (agreed/disagreed) with the statement that people 
can become “good at math” with hard work and practice, has your response 
changed if so why? 
 
FUIQ3) Now that you have been in a modularized mathematics course for 
approximately 8 weeks, what is your current understanding of a modular 
course?  
 
FUIQ4) Now that you have been in a modularized mathematics course for 
approximately 8 weeks, has your rating on expectations changed from the 
last time we spoke? Use the same scale 
 
FUIQ5) Using the same scale of one to five, how helpful has the modular curriculum 
been towards your success (or lack of success) in this course? 
 










Interview Protocol: Final 
 
FIQ1) The first time we spoke you (agreed/disagreed) with the statement that people are 
born “good at math” has your response changed now if so why? 
 
FIQ2) The first time we spoke you (agreed/disagreed) with the statement that people can 
become “good at math” with hard work and practice, has your response changed 
now if so why? 
 
FIQ3) Now that you are close to completing a modularized mathematics course, based on 
your current understanding how would you advise a classmate deciding between 
taking the modularized mathematics course versus a traditional one?  
 
FIQ4) Now that the course is completed, were your previous expectations met? Use a scale 
of one to five, with one being Failed to Meet Expectations and five being Exceeded 
Expectations. 
 
FIQ5) Using the same scale of one to five, how helpful was the modular curriculum 
towards your success (or lack of success) in this course? 
 












Coding Response Themes and Descriptions 
 
Themes Explanation of Theme 
Strong 
Affirmative Student response is unambiguous and unequivocally supportive  
Affirmative Student response is supportive, hopeful, encouraging 
Wavering Student response is undecided between to opinions or courses of action 
Negative Student response is cynical, pessimistic, discouraging 











Appendix F  
Math 105M: Modular Intermediate Algebra 
 
Course Description:  
 
A modular based course spanning selected topics from elementary and college algebra to be 
delivered using computer assisted exercises, workshops and tutorials.  After diagnostic tests 
students will be placed in the appropriate starting module and will take periodical examinations 
to prove mastery in the topics. This self-paced course may be covered in more than one semester 
depending on the student’s progress. 
The modules will cover material from elementary algebra, including fundamental operations, 
fractions, real numbers, exponents, radicals, factoring, linear systems of equations and 
inequalities. The topics from college algebra include set notion, number systems, formulas and 
variation, solving polynomial equations, and quadratic, rational, exponential, logarithmic, 





The complete course consists of Six Modules.   You must complete the study plan objectives for 
the Pre-Tests in order to show mastery on each module. You can complete modules at your own 
pace and are excused from lecture if you have completed the modules in advance.  Throughout 
the semester, once you have reached the prerequisite number of objectives, you MUST take the 
Pre-test for the module you have been working on in order to unlock the Module Mastery 
Assignment.  Your results on the Pre-Tests will update the Module Mastery; you should earn a 




Located in MyStatLab (through MyLab and Mastering on canvas).  Mastering study plan 




Located in MyMathLab (through MyLab and Mastering on canvas).  At any time throughout the 
semester, once you have completed the prerequisite number of objectives, you MUST take the 
Pre-Test for the module you have been working on, in order to unlock the Module Mastery 
Assignment.  Your results on the Pre-Tests will update the Module Mastery assignments; you 




Located in Canvas.  Upon successfully demonstrating at least a 70% on you Module Mastery; you 
will be ready to enter canvas in order to take the Post-tests.  Your instructor will provide the 
access code for the Post-Tests.  Should you complete your modules in advance of the scheduled 
test day and you would like to take exam early you must speak with your instructor. Respondus 
Lockdown Browser and Monitor is required in order to take the Post-Test off-campus. 
